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PREFACE 


Tue discussion which has lately arisen in the 
United States over the acceptance of a belief in Or- 
ganic Evolution, as opposed to the Direct Creation 
doctrine as interpreted by the Fundamentalists, has 
reached rather alarming proportions when the teach- 
ing of our science becomes a subject for legislative 
action. It seems necessary, therefore, to restate the 
sum of our evidences for the Evolution hypothesis 
and to make such an exposition of the entire subject 
as would enable the layman to judge for himself as 
to the reasonableness of teaching this department 
of science. As a means to this end Harper & 
Brothers requested the writer to prepare a brief vol- 
ume which would set forth such an exposition of the 
facts and the interpretation of them as was at his 
command, the inference being that nearly a score of 
years of teaching the subject at Yale University 
would in a measure have fitted him for this 
task. The great wealth of paleontological material 
in the Peabody Museum which is at the writer’s com- 
mand is perhaps another reason why this request was 
made. 

The technical language of science has been cur- 
tailed as far as possible, although, when one is deal- 
ing with matters outside the realm of everyday 
thought, everyday language will not always suffice, 
and the nomenclature which has arisen must, in part, 

xl 


Xil PREFACE 


at any rate, be used. So many of the actual evolu- 
tionary evidences are derived from paleontology, 
which is the field of the author’s research, and are, 
as a consequence, omitted or very briefly sketched 
in the average book on Evolution, that we have 
striven to set forth a more or less complete picture of 
the march of events in the geologic past, for in this 
way only may the results of Evolution be understood. 
Such a review shows, moreover, the futility of trying 
to explain such a record by the strict interpretation of 
Genesis. 

Briefly, the plan of the book, therefore, includes 
a discussion of the nature of life and the genesis of 
the universe; the plasticity of living things and their 
adaptation to environment; the insurgence of nature 
and the entailed struggle for existence. With this 
as a background, variation, heredity, selection, and 
the other accepted evolutionary factors are discussed, 
the whole constituting Part I. 

Part II deals with prehistory—a discussion of the 
outstanding events in the evolution of animate nature 
as the paleontologist reads the record culminating 
in the evolution of man. The final chapter is a 
discussion of the historical development of our 
science, the different ideas which have been advanced 
to account for the coming into existence of the vari- 
ous life forms and the reasonableness of each belief, 
whether direct or potential creation. 

When one has taught the subject of Organic Evo- 
lution to college classes for some nineteen years, he 
has unconsciously absorbed and made his own much 
of the thought of others, but to give detailed credit 
to the true originators of that thought becomes an 
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impossible task, as it has become an integral part of 
the sum of our knowledge. 

In order to give greater spontaneity, the manu- 
script was written largely on the Maine coast, with- 
out immediate reference to-any books, but with the 
aid merely of the prepared chapter lines. I have 
since sought to check up and credit such references 
as were in my mind during the writing, but the con- 
sequent bibliography does not begin to cover the 
sources of my inspiration. 

My thanks are especially due to my colleagues, 
Professors Lorande L. Woodruff and Carl O. Dun- 
bar, for helpful criticisms and suggestions, to the sec- 
retary of the Peabody Museum, Miss Edna M. 
Gillette, for her aid in the preparation of the manu- 
script, and to Miss Clara Mae LeVene for her 
valued bes in seeing the book through the press. 


Ricuarp Swann LuLt. 
YALE Gaia 
November, 1924. 
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THE NATURE OF LIFE 
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CHAPTER I 
LIFELESS AND LIVING MATTER 
Genesis of the Universe 


To the ancients the elements were four—earth, 
air, fire, and water. Modern science, however, has 
revealed to us many elemental substances, rarely 
found free, almost invariably compounded with 
others in more or less complex union. The ancient 
earth includes a host of these compounds, the air a 
mixture of elements, water an extremely simple com- 
bination of two gaseous elements, and fire is merely 
the visible manifestation of a chemical union in the 
process of becoming. 

By means of that scientific marvel, the spectro- 
scope, which can analyze the light emanating from 
the uttermost limits of the visible universe, we are 
given to know the elemental content of thousands 
of heavenly bodies—all, in fact, from which the light 
can reach our instrument—and in but a single instance 
has an unknown element been found which has not 
also been discovered, either in the earth itself, or in - 
its gaseous envelope. Our earth, therefore, is as 
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rich in possibilities as are any other parts of the 
realm of nature—richer in many ways, for she is en- 
dowed not alone by the material of nature, but with 
beings formed of so subtle a combination of several 
of these same elements as to manifest that marvelous 
series of phenomena, the sum total of which we call 
life. This does not deny the possibility of life other 
than on our globe, but such existence is not yet 
proven, and the true scientist is not given to over- 
much speculation. 

The elemental substances that make up our earth 
and our fellow organisms, as well as ourselves, are 
universal in their occurrence, but whether finite or 
infinite in their distribution in both space and time 
science does not say, for all of our theories of earth 
origin postulate the existence of this elemental matter 
and its endowment with those various manifes- 
tations of energy—chemical affinity, gravity, heat, 
light, and electricity—about the origin of which 
science is silent, for it cannot answer questions of 
ultimate causation. If these are the result of a Crea- 
tion by an Infinite Being, the time of that Creation 
must have been immeasurably remote, for it is diffi- 
cult for the human mind to grasp the conception of 
an utter and limitless space containing absolutely 
nothing. The mind can well conceive of chaos, not 
in its ancient sense of an empty void, but as the con- 
fused, unorganized, widely diffused, matter before 
its orderly arrangement into the heavenly bodies and 
this mundane sphere. And no conception of the 
evolution of the universe brought forth by scientific 
minds can go back of that. 
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. . ¢ 
Conception of the Universe and Solar Systems 


Of the form of our universe the most generally 
accepted idea is that it is comparable to one of the 
stellar nebula which are resolved by the spectroscope 
(which readily distinguishes between the light of 
glowing gaseous material, on the one hand, and of 
incandescent solids, on tie other) into phicteceet 
stars at immeasurable distances from the observer. 
It is supposed that in looking toward the so-called 
Milky Way one is looking in the plane of this huge 
nebula, while in gazing where the stars are few one 
looks in the direction of its short diameter. The 
sun is supposed to occupy the approximate center of 
this system, the general form of which is like a 
vast disk with a bulging middle. The sun is gener- 
ally conceived of as derived from a nebulous 
mass of diffused material, extending through a space 
greater than that occupied by the present solar system. 
This nebulous material was so diffused that the re- 
sidual matter left in the most perfect man-made 
vacuum is dense compared with it. As a result of 
gravity there occurred a greater and greater con- 
densation until the astral stage was reached, as stars 
are immense bodies of luminous gas. Further con- 
densation, despite the fact that it was accompanied by 
a constant radiation of heat into space, resulted, never- 
theless, in a smaller and hotter sun. The fate 
of this sun would be ultimate cooling of the outer 
part, with a consequent diminution of its light-giving _ 
power until it faded into invisibility as a dead star. 

The older Laplacian hypothesis of planet evolu- 
tion, including the origin of our earth, is well known. 


6 THE WAYS OF LIFE 


This has, however, been shown to be untenable be- 
cause of a numbér.of unanswerable objections. Asa 
substitute, Chamberlin and Moulton have offered 
their planetesimal theory, which, while not of uni- 
versal acceptance, seems to meet the objections to 
the older hypothesis. It will, however, require years 
of testing and amendment before it can be accepted 
as final. To show how far removed they are from 
primal causes, their hypothesis is silent concerning 
solar origin and postulates the primal sun already 
formed and apparently already having had an exist- 
ence inconceivably long. This sun has as yet no 
planetary family, and the means whereby the latter 
is formed and the substance of its origin are from the 
primal sun itself. This they believe to have been 
disrupted by the explosive tidal force, induced by the 
relatively near passing of another star. What star it 
was which brought about this catastrophe, ages re- 
mote, which was to be of such great importance to 
future humanity, we do not know, nor of its subse- 
quent fate have we the least idea, but the hypothesis 
imagines the effect upon our sun in the following 
manner. The attractive or gravitational force is not 
the only one in celestial mechanics, but another prodi- 
gious force exists, a repellant one, due in part to elec- 
tric phenomena and manifest in the streaming of a 
comet’s tail, not in the wake of the comet, but away 
from the sun. Another manifestation of this force lies 
in the solar prominences which are visible during a 
total eclipse and rise to the height of hundreds of 
thousands of miles with incredible velocity. Earth 
tides are also of a disruptive nature, but are too weak 
to be destructive. The solar catastrophe of which we 
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speak was due to tidal disruption, caysed by the 
passing of the other body, matter from the sun being 
forcibly ejected toa tremendous distance from its dia- 
metrically opposite sides. Some of this material got 
beyond solar control, other parts of it were drawn 
back into the parent body again, while a relatively 
small percentage did neither and remained between 
the sun and outer space, in the form of a two-armed 
spiral nebula, with the sun at its center. More than 
one hundred and twenty thousand comparable spiral 
nebulz are observable in the heavens to-day, while 
seven hundred thousand nebule of all sorts have been 
recorded on photographic plates. The material of 
such a nebula moves as individual particles, called 
planetesimals, each in its own orbit, and thus the 
general form is maintained. Within the arms were 
knots of matter which were the nuclei of the future 
planets. Of these the four nearest the sun, one 
of which was double, were to form the minor plan- 
ets, Mercury, Venus, Earth-Moon, and Mars, while 
the four outermost were the nuclei of the major 
planets, Jupiter, Saturn, Uranus, and Neptune. The 
influence of these nuclei gave rise to local con- 
vergence through gravity, by which other planetesi- 
mals were added to the mass already acquired, and 
by this means the planets grew. The world knot 
lay in a maze of such planetesimals, which, as their 
orbits crossed that of the earth, collided with it con- 
tinuously and were absorbed into its mass, causing 
it gradually to increase in size, until it had swept 
its own orbit practically clear. The same would of 
course be true of the other planets. The region of 
the asteroids possessed no nucleus; instead, there- 
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fore, of being concentrated into a ninth planet, they 
yet persist as relatively small independent bodies, 
varying in size from five to two hundred or more 
miles in diameter. 

This hypothesis of earth origin does not postulate 
a molten globe at any stage beyond the nuclear, but 
rather that it was built up as a solid body. This is 
Chamberlin’s belief. He further holds that it began 
to possess oceans when about one-third of its present 
mass. But Chamberlin imagines a growth from the 
infall of planetesimal dust. Barrell, on the other 
hand, held that some of the planetesimals, at any 
rate, were larger, sufficiently so to impart to the earth 
the energy of their concussion, which would render 
it molten up to the completion of its growth. In 
this they were aided by the heat generated by the 
compression of the deeper nucleus, as well as by 
their impact. Barrell went on to picture the gradual 
cooling of the outer crust, but whether the center was 
solid or fluid during earth growth he did not know. 
The great rigidity of the earth, however, which is 
equal to that of steel, makes it very unlikely that 
the interior is molten to-day. Ultimately the ocean 
waters gathered into basins, which in turn are due to 
differences in density of the earth’s crust, caused by 
the weighing down of great areas by primordial lava 
flows. Thus the gathering together of the waters 
under the heavens and the appearance of the dry 
land was an extremely ancient happening, and the 
consequent assumption is that there has been but little 
shifting of continent and ocean, other than coastal 
changes, from that period to this, for it is possible 
that the ocean basins began to form as fast as the 
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waters gathered, so that some land always existed 
above the level of the primordial seas. 

The establishment of lands and seas, therefore, 
made possible the atmospheric changes necessary for 
the establishment of life. - The maintenance of in- 
ternal heat of the earth seems due, in part, at any 
rate, to the radioactivity of some of its contained 
material. Barrell has estimated that the heat ema- 
nating from a given quantity of uranium in de- 
generating through radium to stable lead is more 
than one million times that of an equal weight of coal. 
The ultimate fate of the sun is of course cooling to 
extinction, unless, and the possibilities are extremely 
remote, it undergoes another rejuvenescence through 
the influence of a passing star. But the solar heat 
is not maintained by combustion, as the sun is not 
burning in the ordinary sense, nor is it simply the 
heat induced during the original formation of the 
solar orb, for, if such were the case, it would cool in 
a relatively brief time, compared with its apparent 
age. It is supposed that at least two factors are respon- 
sible for the upkeep of its wonderful source of life- 
giving heat and light—one the gradual shrinkage of 
the entire mass, due to gravity, and the other the pro- 
duction of energy, as in the case of the earth, through 
the degeneration of radioactive substances. None of 
the planets is now incandescent in the sense that the 
sun is; even the most brilliant, from our point of 
view, Venus and Jupiter, shine entirely by reflecting 
to our eyes the light of the sun. 

To sustain life the earth’s atmosphere must servé 
a dual purpose.- The supply of oxygen, carbon diox- 
ide, and water must be present in certain proportions 
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for vital activities. The other function is to act as 
a blanket to prevent the too rapid radiation into space 
at night of the solar heat absorbed by the earth during 
the day. In the atmosphereless moon the change 
from a scorching heat to the cold of interstellar space 
must be instantaneous with the setting of the sun. 

It does not seem to have been necessary, however, 
for the production of lower forms of life that the 
oceans and lands should be completely formed; living 
organisms, therefore, may well have begun their evo- 
lution at an extremely remote period of time. 


Living and Non-Living Matter 


The distinction between living and non-living 
matter is not one of material, for precisely the same 
elements are found in life stuff from the simplest to 
the most exalted of beings as are found in the life- 
less world. The elements thus far recorded as ac- 
tually pertaining to living matter are comparatively 
few—carbon, hydrogen, oxygen, nitrogen, sulphur, 
iron, phosphorus, calcium, fluorine, iodine, magne- 
sium, chlorine, silicon, sodium, pctassitum, manganese 
and questionably, lithium. Except for oxygen and 
nitrogen, none of these substances is found free; 
some, as in water, are in rather simple compounds, 
yet others are in combinations so complex that the 
final analysis of them may never be made with cer- 
tainty. There is no evidence whatever for the exist- 
ence of any vital element upon which the manifesta- 
tion of life depends, for dead protoplasm loses not 
a particle of weight as compared with that which has 
all its vital activities in full swing. 

The distinction between the living and non-living, 


EIFELESS AND LIVING MATTER Toe 


by which is meant that which never haé had life, is 
not in the elemental substances which enter into the 
living material, but merely in the way in which they 
are combined, the enormous size and complexity of 
the resultant molecules, and the consequent physio- 
logical or functional properties which they display. 
There is one compound or group of compounds 
which is absolutely diagnostic of life stuff in that 
the substances are never found under any circum- 
stances other than in the bodies of organisms, living 
or dead. These are the proteins, composed of carbon, 
hydrogen, oxygen, and nitrogen, with traces of other 
elements, such as sulphur. The molecules of pro- 
tein are so complex that their atoms, instead of 
being numbered by the twos or threes, as in so many 
chemical substances, are actually in the thousands. 
Protein is an absolutely essential constituent of pro- 
toplasm, which in its turn is the primary build- 
ing material of all organisms of whatsoever sort, 
whether plant or animal. Other organic compounds, 
in addition to the proteins, are the fats and oils, and 
the starches and sugars. None of these substances 
occurs in nature except as an organic product. There 
are, in addition, several other materials, such as 
water, common salt, and the various skeleton- or 
shell-forming substances, containing lime, or silica. 
But protoplasm seems to be more than a mere 
collection of compounds, however intricate. It is 
an organized substance and, as such, as much beyond 
the grade of elaboration of the ordinary substances 
found in the inorganic world as a trained army is 
above an unorganized mob, both in its perfection 
of the relationship of the component elements and 
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in what are known as its functions, the various activi- 
ties which its detailed organization brings about. 

Analysis of this protoplasm has been attempted 
repeatedly, with varying results, due in part to the 
complexity of the material itself, and in part to the 
fact that its precise structure varies. This is certainly 
true, physically and probably chemically, for, as 
Woodruff has said, the protoplasm of one form 
differs from that of another, it differs in various 
portions of the same form, and in the same part at 
different times. If protoplasm were everywhere 
alike, all organisms would be precisely similar, 
whereas, as a matter of fact, there is infinite variation. 

Much of the chemical content of protoplasm can 
be learned from its intake and outgo. But while 
this gives a quantitative conception of its substance, 
it does not aid in unraveling its structural com- 
plexity. 

Physically, protoplasm is a viscous, semi-fluid mass 
of matter, often appearing granular beneath the 
microscope, again emulsoid in structure. Its color 
is grayish pellucid, the color of clear glass or of 
water. 

Physiologically it possesses properties which are 
distinctively vital, as compared with the inertness 
of the inorganic, such as sensitivity, conductivity, 
and irritability, whereby stimuli are received, trans- 
mitted, and responded to throughout the cell, for the 
cell is the unit of structure in the form of which 
protoplasm invariably appears. It also possesses a 
streaming or other movement, which is not, however, 
exclusively organic, and co-ordination, which prob- 
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ably is. Whether it possesses volition er the power 
to initiate impulses without external stimulus is a 
moot point. Certainly this seems to be character- 
istic of the higher animal, and, as the higher animal 
functions are merely the sum ‘total of those of the 
cell, it would seem as though volition must be fun- 
damentally resident in protoplasm itself, yet it is 
probably not manifest in forms which have not as 
yet evolved a nervous system. Yet other functions 
are those concerned with nutrition—constructive, 
whereby the protoplasm takes in appropriate food 
and, by a certain elaboration, converts it into material 
similar to itself, which is disseminated throughout 
its mass, not merely added externally as a crystal 
grows; or it may be destructive, resulting in the pro- 
duction of simpler compounds out of protoplasm, 
such a carbon dioxide, water, and ammoniacal salts. 
These, however, are the by-products, the prime result 
being the liberation of energy, which manifests itself 
variously, as mechanical motion, heat, and sometimes 
light and electricity. Should the upbuilding exceed 
the waste, the result will be increase of size, or 
growth; if the reverse be true, diminution. The 
processes may go on simultaneously and constitute 
what is generally known as metabolism, which in- 
cludes both the constructive and destructive aspects 
of chemical change. Asa result of this metabolism 
an organism is capable of self repair to a varying 
extent. 

Speaking broadly, the cell of typical shape has an 
external surface, which increases during growth with: 
the square of its diameter; the volume, on the other 
hand, increases with the cube. Thus, if one of two 
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spheres has twice the diameter of the other, it will 
have eight times the mass, but only four times the 
surface. As the need of food is in direct proportion 
to the volume, and the ability to absorb it, espe- 
cially oxygen, carbon dioxide, and the like, to the 
external surface, it is evident that sooner or later an 
equilibrium will be reached beyond which growth 
cannot extend. This balance between food-getting 
ability and the need for it determines the optimum 
of size to which, under normal conditions, the cell 
may attain. But growth, while inhibited in a cer- 
tain sense, is not at an end, for by an apparently 
simple process of cell division, a mere dividing into 
two, the total volume is not lessened, but the surface 
is largely increased. Hence, once again, the latter 
is more than sufficient to supply food for the mass, 
and again growth ensues, until a second optimum 
is reached. And under certain very ideal conditions, 
as with Woodruff’s * pedigreed cultures of the slipper 
animalcule, Paramecium, this process may continue 
indefinitely. But the amazing thing is that by this 
simple method of handing on life and substance to 
daughter cells, the mother cell merely merges her 
identity with her life and substance into her offspring. 
Death has not intervened, nor can it in a line which 
endures. Accidental death is, of course, possible, 
but that ends the line; on the other hand, death has 
never occurred in the direct ancestry of any cell 
which exists to-day and arises as the result of the 
complete division of its parent cell. 

Protoplasm thus possesses, among the other mar- 
velous properties which differentiate it from the 
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inorganic world, a potential immortakity, so that 
each "living organism on earth to-day is directly and 
materially connected by the slenderest of threads 
with an antiquity so vast as to date from the begin- 
ning of life on our planet-. This attenuated thread 
is more enduring than anything save the earth and 
sea. Most of the very rocks themselves, even the 
mightiest mountain ranges, cannot compare with it. 

One marked contrast between the organism and 
an inorganic thing is the changelessness of the latter, 
as compared with the former. A crystal of salt 
forms to-day according to certain mathematical prin- 
ciples; thus it has formed time out of mind; there 
is no way of telling the age of a mineral crystal 
from its form. It may increase in size, but that is 
all; and it may le in the earth without even this 
alteration through countless ages. 

Organisms, on the other hand, are constantly 
changing, although here certain groups, genera, and 
species become stereotyped, so that time has little 
or no influence upon their structure, so long as their 
living conditions remain the same. Protozoa alive 
to-day have been Protozoa since the Archeozoic age 
and apparently can become nothing else, as the Arch- 
eozoic environmental conditions have continued and 
probably will continue as long as life endures. As 
a rule, however, animals and plants do change, as a 
result of the evolutionary process; and their changes 
are so ordered by certain laws we have yet to discuss 
that the results are often predictable, and one can 
judge the age of the creature in geologic time by the 
characters which it shows. 
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The Origin of Life 


Ancient conceptions of the origin of living matter 
from the lifeless have been many and various, but 
refer not to the original dawn of life on earth so 
much as to the present-day production of animals 
of various sorts without parental origin. For old- 
time observation was so crude that the spontaneous 
production of maggots in decaying meat, or the 
similar appearance of life in rain water or from 
fermentation, seemed amply sufficient to account for 
their existence. This belief in the production of 
living forms where no previous life existed is known 
as abiogenesis, or spontaneous generation. The rise 
and acceptance of the converse belief, or biogenesis, 
was slow of coming, but experiments of Redi,’ Spal- 
lanzani, Tyndall,’ and Pasteur have established the 
principle that, whatever may have occurred in the 
geologic past, there is to-day no transformation from 
lifeless to living matter, except as the former may be 
elaborated and assimilated by the latter in the form 
of food. 

Schiéfer* in a thoughtful address, however, claims 
that, while experiments seem to prove beyond ques- 
tion that an absolutely sterilized medium, which is 
sealed against the entrance of germs or spores, will 
not develop any form of life such as gives rise to 
fermentation, putrescence, or to maggots or other 
higher organisms, one cannot be sure that in the full- 
ness of time such a change may not occur. The be- 
ginnings of living matter may be so subtle as to be 
beyond the powers of our observation, even with the 


1Redi, 1668. ?Spallanzani, 1786. ®%Tyndall, 1878. Schafer, 1912. 
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present admirable optical aid; or the,process may 
be so slow that a lifetime of observation would not 
suffice to witness its accomplishment. It is extremely 
doubtful, however, whether any change from the 
inorganic to the organic is occurring in nature to-day, 
for the frontier between these two great kingdoms 
is most admirably policed by the simplest known 
organisms, the prototrophic or “primitive feeding” 
bacteria, which would at once consume the nascent 
organism. 

Life could not always have existed on earth, for, 
from the nature of things, the earth has not always 
been a suitable environment. Life must, therefore, 
have had a beginning some time in the immensely 
distant past, but when and how that primal evolution 
came about is one of the unsolved problems which 
are before us. 


Vitalism 


Woodruff thus defines vitalism: “The . . . con- 
ception that life phenomena are in part at least the 
resultant of manifestations of matter and energy 
which transcend and differ intrinsically in kind from 
those displayed in the inorganic world . . .” This 
idea denied that the ordinary laws which govern 
matter and energy were sufficient to account for 
biological phenomena. On the other hand, we have 
the essentially materialistic view that such life mani- 
festations as we have witnessed are merely the re- 
sultant of the ordinary reactions of physics and chem- 
istry. Probably no biologist to-day accepts vitalism. 
in its mystical and hypermechanical form, and yet it 


1 Woodruff, 1918, p. 94. 
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seems well-nigh impossible to give an adequate ex- 
planation of the mysteries of life in terms of physics 
and chemistry. Life, with all its subtlety of mani- 
festation, its marvelous antiquity, the slenderness of 
its thread, and yet its capacity to endure is amazing. 
These, together with the plasticity and adaptability 
of life stuff, make it the first wonder of the world! 

A number of hypotheses have been advanced to 
account for the beginning of life, which may be 
roughly grouped into the extra-mundane origin and 
the earthly source. 

The first postulates the celestial origin of life, 
either as having evolved in some other realm of 
space, or as having its origin at so remote a time as 
to make it coeval with matter itself. Either requires 
some transmitting agency whereby it could be 
brought to earth when the world had become a suit- 
able environment, and two theories have been pre- 
sented to provide the means to this end. One is 
that of Lord Kelvin, which would bring life to 
earth on meteors, thousands of which reach our at- 
mosphere during every twenty-four hours. These 
vary greatly in size, but average the size of a wheat 
grain. Almost all are consumed in passing through 
the air and appear as luminous “shooting stars,” but 
few reaching the earth’s crust itself. The latter al- 
ways show the effect of fusion of the outer surface, 
due to friction with the atmosphere. One questions 
how any organized material could withstand this high 
temperature without being itself consumed, even 
were it able to endure the sullen cold of interstellar 
space. The time limit is also a factor, for it has 
been calculated that one hundred and fifty years 
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would be required to cover the distance from the 
nearest planet, and sixty million years from the near- 
est stellar system. To obviate, at least in part, this 
difficulty, Arrhenius imagined the organic material 
to be impelled through space by the radiant energy 
of light as a slowly falling cosmic dust. This is a 
very distinct gain over the meteoric flight, for now 
Mars is only eighty days away, while the nearest 
stellar system is but nine thousand years! Proto- 
plasmic material, especially when in the quiescent 
state, wherein it is often surrounded by a more or 
less obdurate envelope, has great powers of endur- 
ance of heat and cold, and of time. None, so far as 
known, would suffice, however, to meet the require- 
ments for survival in that terrific journey through 
the immeasurable vault of space. 

The earth theories are several, but here their 
authors have been concerned with the place, either 
on the earth’s surface itself, whether at the North 
Pole or elsewhere, or in the sea, fresh waters, or damp 
earth. Of the geographic location there is not the 
slightest evidence. The North Polar idea was ad- 
vanced by one, not a geologist, whose ideas led him 
to suppose that in a cooling earth the polar regions 
would naturally cool first, whereas there is reason to 
believe that during a greater part of geologic time 
the climate was equable throughout the world. 

On the other hand, there are more facts upon 
which to base an assumption of the place of origin. 
Moisture was a prime necessity, as was a certain - 
proportion of the other essential elements, already 
partly compounded, but not yet organic. Whether 
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life originated in sea waters or those on the land is 
a question. One would think the serenity of a quiet 
pool, except for its too short duration, a better en- 
vironment than an, at times, tempestuous sea. The 
relative amount of salines and other bodies in solu- 
tion in sea water, compared with fresh waters, is 
vastly greater to-day, but the sea may not always 
have been salt. Its salinity seems to be due to the 
weathering of igneous rocks and the gradual trans- 
portation of their saline materials by rain-fed 
streams, each in itself apparently fresh. These 
salines were left behind in the sea by the returning 
watery vapors, and thus through long geologic ages 
have concentrated to the present saltiness. This 
forms one of the criteria for calculating the duration 
of geologic time. If, as we suppose, life’s origin 
was so very remote, it is possible that the chemical 
content of oceanic, as compared with continental, 
waters was not at that time vastly different. Damp 
earth may have been the primal home, but a less 
resistant medium seems far more likely. 

The initial organisms were probably like bacteria, 
the first organic form capable of the capture of 
energy and its storage. As Osborn’ says, “Bacteria 
appear to lie halfway between our hypothetical 
chemical precellular stages and the chemistry and 
definite cell structure of the lowliest plants, or algz.” 
These creatures are often known more by the chem- 
ical and other reactions which they bring about than 
by their form. Their numbers are inconceivably 
large; their size, however, which is always small, 


1 Osborn, 1917, p. 80. 
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varies greatly, some of them being near the limit 
of unaided vision, others beyond the range of the 
most powerful microscope, their existence being in- 
ferred from their effects, rather than being actually 
proven by observation. All of them, however, from 
the smallest to the largest, while among the simplest 
of organisms, are nevertheless highly complex. Next 
in the scale of life come the alge, distinguished by 
the possession not alone of protoplasm, but of leaf 
green, or chlorophyl, as well. Which is the older 
substance it is difficult to decide. Certain authorities 
claim that it is chlorophyl, without which protoplasm 
cannot be manufactured in the living organism. For 
the chlorophy] in the presence of light has the power 
of utilizing carbon dioxide and water and manu- 
facturing starch. Protein formation comes next and 
needs as raw materials not only the already made 
starches, but certain nitrogenous compounds, which 
are derivable from animal waste or decay, but can 
also be made by certain nitrogen-fixing bacteria. The 
animal can make neither starches nor proteins, but 
must take them ready made from the plant, the lat- 
ter’s highest feat of constructive chemistry being, as 
Huxley’ says, to convert the dead protoplasm of a 
plant or other animal into the living protoplasm 
peculiar to itself. 

It is readily seen that the alge must have preceded 
the lowliest animals, the Protozoa, in their origin, 
as the bacteria, in turn, preceded them. After the 
simplest Protozoa were formed, the evolution of the. 
two great kingdoms, plant and animal, may well 


1 Huxley, 1868. 
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have moved simultaneously. The plants, however, 
seem always to precede the animals in the evolution 
of each successive stage. Thus the modernization 
of the forests occurred during the Age of Reptiles, 
that of the animals not until the beginning of the 
Tertiary. The primitive feeding bacteria, of which 
we have spoken, alone have the power of obtaining 
food and consequent energy in a world devoid of 
other life. 

The various theories which have been offered to 
account for the origin of these primitive forms have 
been admirably summarized by Woodruff,’ but they 
all call for ideal conditions, environment, the correct 
proportions of the various constituents necessary to 
form the primal protoplasm and to sustain it, and 
the fortuitous union of these substances, possibly, as 
one has suggested, stimulated by Deere discharge, 
such as that of lightning. Of the writers who have 
essayed to answer the problem of organic origin, 
Pfliiger” and Moore® both postulated a cooling earth 
from the condition of an incandescent globe as the 
primal home, while Allen,* Troland,°® and Osborn® 
have theories in accord with the planetesimal hy- 
pothesis of earth origin. These theories range large 
in scope and show how the scientific imagination can 
soar when limiting facts are not obtrusive. But after 
all, these discussions, while having a certain value, 
are none the less largely academic and, as such, do 
not enable us to reach any definite conclusion what- 
soever, for not only are the actual facts unknown, 
but they are unknowable, if, as we confidently be- 


1 Woodruff, 1918 2Pfliiger, 1875. Moore, 1912. 4Allep, 1890. 
5 Troland, 1914. 6 Osborn, 1917. : a ee 
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lieve, life has been formed on earth but once and 
that in the remote geologic past. If there were any 
tendency for life to be formed anew, those same 
primitive bacteria, of which we have spoken as polic- 
ing the frontier between the-inorganic and the organic 
realms, would effectually prevent its fruition. 


CHAPTER Il 
PLASTICITY OF LIVING THINGS 


Adaptation to Environment 


Newron first announced the law of gravity— 
that attractive force which impels objects toward 
one another, not, as we are rather prone to think, 
toward the earth alone. Since his day much has 
been learned concerning the manifestations of this 
force, and the law is one of the most fundamental 
in all our physical science. Yet has anyone to-day 
any clearer idea of what this force really is than 
had Newton himself? It seems very doubtful 
whether science will ever solve this problem. In 
the realm of life there is another fundamental law, 
as inexplicable as is that of gravity and as universal 
among both plants and animals. This is the law 
or force of adaptation or plasticity that is a charac- 
teristic of protoplasm itself, in that it is found, in 
varying degree, in all organic forms. This funda- 
mental thing causes harmony to arise between each 
organism and its environment, and the adaptation 
is generally so close that maladjustment of ever so 
small a degree may determine the organism’s chance 
for survival. Slight disharmonies will occur, but 
they are soon adjusted, not necessarily in the present 
animal or plant, but in succeeding generations. The 

24 
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mechanism of adaptation lies either in, the chance 
germinal variations which all organisms show and 
which, whether they are beneficial or not, are poten- 
tially heritable, or they may be purposive changes, 
the acquired variations which arise in the individual 
and eliminate the disharmony at once. These will 
be discussed later, but, from the present state of our 
knowledge, there is no apparent way whereby these 
may be inherited and thus become of racial benefit. 
In other words, they are developmental (pertaining 
to the individual), rather than evolutional (pertain- 
ing to the race). 


Environmental Complex 


The environment to which the organism must 
conform is an extremely complicated thing, for it 
embraces not alone the physical environment, but 
the biologic or biotic as well. 

Physical Environment.—Foremost among the 
characteristics of the physical environment comes the 
medium, whether air or water, for this determines 
the method of breathing, and, as a rule, the two 
media are exclusive, in that the adaptation is to the 
one or the other, rarely to both, although in many 
instances there may be a migration from the one 
to the other, either temporary or once during the 
life of the organism. Thus it is with most of the 
frogs and toads, and with many insects whose adult 
condition is spent on land or in the air, while in the 
adolescent stages the creature is aquatic. Many and 
ingenious are the devices nature has wrought to 
adapt the native of the one to the other medium. 

The presence and nature of the substratum is a 
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determining factor in the adaptation of many organ- 
isms, air-dwelling types being rarely, if ever, self- 
supporting without occasional contact with mother 
earth, while aquatic creatures, due to the greater 
buoyancy of the medium, may swim or float indefi- 
nitely without resting on the bottom, many forms 
never doing so from one generation’s end to another. 
The water-borne forms are necessarily free living, 
unless they are parasites on other creatures, and, as 
such, have organs of locomotion and of special sense, 
in varying development according to their degree of 
mobility, and this in turn reacts upon the entire organ- 
ism. On the other hand, the bottom dwellers may 
or may not have powers of transportation. Such as 
do are in their way often as admirably endowed as 
are the water-borne types; others have so sedentary 
a life that, even though they are animals, they may 
become essentially plant-like in their fixation and 
habit of growth. 

The marvelous submarine “flower gardens,” to 
which the lover of the beautiful is taken in a glass- 
bottomed boat, since he cannot, as a rule, descend 
to them bodily, are composed almost exclusively of 
animal life. To be sure, there are seaweeds, kelp, 
fuci, and the like, which make the foliage background 
to the wonderful and colorful polyps, gorgons, and 
sea fans, which simulate the actual flowers of the 
terrestrial garden. Most of these organisms, to- 
gether with the sponges, are relatively low in life’s 
scale, despite their special adaptations to the condi- 
tions under which they live; locomotive habits, on 
the other hand, are not only characteristic of higher 
forms, but these habits have doubtless reacted on 
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the structure of the latter and thus improved their 
status yet further. 

Sedentary life not only keeps the group primitive, 
but, when secondarily acquired by a so-called higher 
animal, may give rise to degenerative evolution and 
an ultimate arrival at a condition which in grade of 
organization harks back to the primitive again. 
Among the notable instances of this are the tunicates, 
or sea squirts, marine, sedentary types, some of which 
look not unlike a bag with two apertures, one at the 
top and the other not far removed. Internally the 
creature is, of course, more complex, but there are 
few features which betray either its relationships or 
its lineage. This is the adult character of the animal 
—when it first hatches from the egg it is unrecog- 
nizable as the offspring of its parents, for now it is 
tadpole-like, endowed with body, locomotor tail, an 
equivalent of a backbone (the notochord), a nervous 
system, and sense organs. In other words, it at once 
betrays its relationship to and inclusion in the highest 
phylum of the animal kingdom, the chordates’ them- 
selves. 

Temperature is another environmental factor of 
prime importance, though its influence upon the dis- 
tribution of warm-blooded animals, whether mam- 
mals or birds, is not, as a rule, so great as usually 
supposed, on account of the ease with which their 
adaptation can meet changing conditions. Thus, 
during the glacial period, several forms which we 
usually think of as being essentially tropical or sub- 


1This phylum includes the vertebrates or backboned animals. The term 
chordate is broader and’ covers such lower forms as the tunicates, mentioned 
above, in which the axial stiffening is the notochord, not yet replaced by the 
vertebral column. 
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temperate in their distribution, such as the rhinoceros 
and the elephant, became thoroughly acclimatized to 
the Arctic tundras of the northern hemisphere. With 
“cold blooded,” really variably temperatured types, 
such as the amphibians and reptiles, the increasing 
cold, as one goes poleward, puts a very effective 
lnmiescon to their distribution, for such creatures 
cannot exist where the ground remains frozen 
throughout the year. 

We have reason to suppose that in the geologic 
past occasional diminution of temperature may have 
had a profound influence, both in the evolution of 
new features, such as the attainment of warm blood, 
with all its attendant chain of consequences, and in 
determining fitness for racial survival. Temperature 
may work indirectly, as well as directly, in influencing 
survival; as when the shore ice, formed during an 
extremely severe winter, will, as it is raised and 
lowered by the tide, crush and grind off hosts of 
barnacles and other rock-incrusting creatures which 
are perfectly able to withstand the impact of the 
mightiest waves that assail their fastnesses. 

Inthe land or terrestrial habitat, degree of moisture 
is an important environmental factor. It does not, 
however, react upon air-dwelling types only, but 
also upon those of fresh waters which diminish 
during a prolonged drought. Habitats are distin- 
guished as humid, semiarid, and arid. The first, 
of course, implies an abundance of rain, well dic 
tributed throughout the year, with a consequent pro- 
fusion of vegetation, as in the tropical rain forests. 
This also carries with it a teeming animal life, and 
the abundance especially of insects, some of which 
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are disease-carrying, may react very strongly on 
higher forms, thus limiting distribution or even 
causing extinction of creatures which cannot adapt 
themselves to changing conditions. 

Semiaridity is neither humid nor arid, but par- 
takes of the nature of both to some extent, as there 
may be prolonged periods of drought, followed by 
torrential rains, either seasonal or more or less ir- 
regular in their happening. The vegetation is apt 
to be sparse and stunted, of a drought-resisting char- 
acter, but capable of quick response to rain or dryness 
by the development or the loss or folding of leaves, 
as the case may be. Devices for the getting and con- 
servation of moisture, especially in the semidesert 
areas where rains come but rarely, are numerous and 
ingenious, if such a term is applicable to plants. The 
animals are also specially adapted, being able to 
endure thirst for a considerable period without appar- 
ent discomfort. But one characteristic of semiarid 
animals is their ability to travel far and wide in 
search of food and water. This means, as a rule, 
speed adaptation, the four-footed creatures running 
like a flash of light and, often in the case of lizard- 
like forms, rising on the hind limbs for greater 
rapidity of movement. This is often seen in the 
lizards of our Southwest, in certain of the iguanas, 
and especially in the great frilled lizard of Australia. 
There is reason to believe that this reaction to aridity 
was extremely significant at times in the geologic 
past, giving the prime stimulus to great evolutionary 
movements, such as the initial evolution of dinosaurs. 

Indirectly semiaridity reacts on the animal in yet 
another way, through change of feeding habits, due 
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to change in vegetation. With the coming of aridity, 
for example, during Miocene times, the grasses be- 
came the dominant flora of the temperate regions of 
the globe. This is notably true of the steppe region 
of the Western Great Plains from Canada across 
the United States to the Mexican plateau, also in 
the pampas of South America and a large area of 
Europe and Asia, as well as the African veldt. 
Here grazing animals, in contrast with the browsing 
forms, are supreme. They must have special grind- 
ing teeth to resist the abrasive effect of the harsh 
grasses. Here again there is evidence of widespread 
extinction of the inadaptable browsing forms, cer- 
tainly in part due to climatic change, although there 
are survivors of the browsing fauna alive to-day in 
the more humid forested areas of the globe. 

True aridity—that is, an utterly rainless desert— 
may lead to a total disappearance of plant life, and, 
in extreme cases, of animals as well, except for 
occasional wanderers. Great herds of gazelles exist 
in desert regions of Asia where the vegetation is so 
scanty it is difficult to understand how they obtain 
their food. The camel is also a marvel of adaptation 
to similar wastes, but, of course, must have food 
and water. These it secures at the rare oases which 
exist and depend not upon rainfall, but on the under- 
ground waters which emerge from beneath in the 
form of springs or wells. The long palm roots 
secure their needed water at the oases also, without 
depending upon rains. 

Semiaridity in Australia has resulted not only in 
actual deserts, which cover a large portion of the 
continent, but also in the periodic diminution of her 
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rivers, which may cease to flow and becgme a succes- 
sion of stagnant pools. Such conditions give rise to 
prolonged inactivity on the part of the stream dwell- 
ers, which are confined to these pools, and has re- 
sulted in adaptation on the part of certain fishes, 
notably the barramunda,’ to the actual respiration of 
air, which it gulps down into a swim-bladder that, 
in turn, is abundantly supplied with blood vessels 
and thus serves for the aération of the blood. Thus 
it has an analogous function to our lungs, and there 
is reason to believe that it is the structural equivalent 
of the lungs of higher animals as well. The barra- 
munda alone is able to survive actively these periods 
of stagnation, when all of the other denizens of the 
pool have either perished or are comatose. Other 
regions of comparable climate, notably northern 
Africa in the Nile and Congo regions, and northern 
South America in the portions drained by the Ori- 
noco, have similar “lung fishes.” Here again we 
see a potent cause for one of the most significant 
evolutionary movements of the geologic past, which 
will be discussed in greater detail in a later chapter, 
namely, the emergence of the ancestors of the ter- 
restrial vertebrates from the old, limiting habitat of 
their piscine ancestry, impelled by climatic change. 

The chemical characteristics which react upon 
organic life are largely a by-product of aridity. 
There lies in the Libyan Desert a region known as 
the Fayfim, some sixty miles southwest of Cairo. 
Here there is a brackish lake, Birket-el-Qfirun, 
which is the shrunken remnant of the much larger 


Lake Meeris, which during the Twelfth Dynasty, 


1 Ceratodus, see Fig. 8. 


* 


32 Ey WALES ORE eile ihe 


beginning about 2778 B.c., was part of an extensive 
irrigation system, but which has received little influx 
of Nile water for a long period of years, that is, 
since Ptolemaic times. In it there dwell fishes which 
are the direct descendants of Nilotic fishes of the 
Pharaohs’ time, but which differ quite markedly 
from their present-day cousins now living in the Nile. 

Another curious instance is of a crustacean, in the 
form known severally as Artemia, the brine shrimp, 
or Branchippus, a fresh-water equivalent. It is not 
marine, but is found in what are normally fresh 
waters and is very widespread. It is extremely 
variable, however, and when its distribution extends 
into desert regions where the pools are occasionally 
very saline, it differs so markedly from the normal 
fresh-water type as to be unrecognizable, and hence 
has received the different descriptive name. The 
change can be brought about in a single generation, 
for by raising the eggs of Branchippus in a salt pool 
Artemia results, and the reverse procedure restores 
the next generation to its Branchippus form. The 
variation is largely one of spines and other orna- 
mentation, but also one of egg production by the 
female without male intervention. Such extreme 
salinity, however, as that of the Dead Sea of Pales- 
tine is biologically fatal, for no trace of animal or 
plant life is found within the searing limits of its 
waves. ; 

Biotic Environment.—The entire environment of 
an organism means, as we have seen, much more than 
the mere physical side, for, if any animal were placed 
in a locality bereft of all plant life, it would be 
doomed to a more or less speedy death, no matter 
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how salubrious the climate or how abundant the 
water and mineral constituents of protoplasm, for 
the animal cannot make protoplasm, but must get it 
ready made from some other animal, or, in the long 
run, from the plant. One might carry the argu- 
ment yet further, and say that, no matter how pro- 
lific the animal life which could thus, by a process 
of inter-eating, subsist for a relatively greater length 
of time, the end, without plant life, is as inevitable 
as before. Sooner or later all of the complex pro- 
tein would be broken down and dissipated in the 
form of energy, and, no more being available, the 
last survivors would ultimately die. Food is, of 
course, the first need of any organism; if it be a 
plant, its dependence on the physical environment is 
more direct, although animal waste products and 
the dead and disintegrating remains of the animals 
themselves are all utilized by the plant. There are, 
however, other sources of plant requirements. The 
animal, on the other hand, as we have seen, must 
have the plant as part of its environmental complex. 
This makes the question of animal food in lightless 
regions, such as the cave or other underground 
habitats and the deep sea, a matter for investigation, 
and, as we shall see, the result is always the same— 
importation from a light and plant inhabited zone. 
Not only is the food requirement to be met, but 
that of safety as well, for the biotic environment 
brings in the element of competition and a consequent 
strugele for existence, more intense among those 
most closely related, for, of course, their require- 
ments are the more similar and the competition thus 
increased. Safety isa matter of profound individual 
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concern, and almost every wild creature dies a violent 
death, but there can hardly be an omnipresent, antici- 
pating dread of it, although that is what Roosevelt 
believed. There is, however, the strongest instinct 
for self-preservation, and the fright of a creature 
in the presence of a destroyer is a frequently ob- 
served thing. The instinct is really more than self- 
preserval; it is a racial instinct, for sometimes, as 
in the case of mating spiders or hive bees, the act 
of procreation is fatal to the male, yet the racial 
preservation instinct overshadows that of self. 
The entirely materialistic interpretation of natural 
selection, as the outcome of the survival of the fittest 
resulting from the destruction of those whose chance 
variations do not coincide with environmental need, 
leaves out of consideration the altruistic side of ani- 
mal life. This side, of course, has its highest 
expression in human charity, which often makes for 
the survival of the unfit. It also occurs in the so- 
called lower animals, especially among the gregari- 
ous or herding species, in which mutual aid is often 
a very marked characteristic. One questions, how- 
ever, the existence of such a thing below the ver- 
tebrates, except, perhaps, among social insects. It 
is hard to imagine brotherly love among starfish. 
There is a great mutual dependence among ani- 
mals and plants, however, although not always 
willingly—in fact, rarely so. The many devices on 
the part of plants to insure pollenizing by aid of 
insects are well known, the insect being lured by 
color and odor to go deep into the blossom to sip 
the nectar and thus carry pollen from the one flower 
to those which it successively visits. One of the 


PLAST UCITY OF LIVING DE INGS ay5 


most interesting of these dependencies, though by 
no means the most intricate in adaptation, is the 
pollenation of red clover by the bumblebees, as they 
are the only bees sufficiently long of tongue to reach 
the stored nectar. The introduction of the red 
clover into Australia failed of establishment until 
the bumblebees were taken with it. But the web of 
life is still more extensive than that, for the bees in 
turn are destroyed by field mice, which are kept 
within limits by hunting mammals, notably the 
domestic cat. Beef animals are fed upon the clover, 
and thus, as Huxley has shown, there is a linkage 
between each of the several stages and thus between 
the extremes, the owners of the cats and the beef. 

This web is so nicely balanced that anything that 
makes for survival in any of the connecting forms 
of the series reacts upon the whole. This we call 
nature’s balance, and its poise is so delicate that 
interference by man, either through the introduction 
of a new food plant or the importation, accidentally 
or otherwise, of a noxious animal, has wrought untold 
harm, which sometimes has made restoration of the 
balance difficult, if not impossible, of accomplish- 
ment. Our seemingly severe quarantine laws against 
such importation of animals or nursery stock are the 
outcome of this. 

Thomson speaks of one very far reaching upsetting 
of nature’s balance in Jamaica. Common rats of 
Europe, which have followed man in his commer- 
cial expansion the world over, being most unwel- 
come “stowaways” on his ships, ultimately came to 
the island of Jamaica, where they multiplied so 
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prolifically as to become a very serious pest. In 
India and adjacent lands there is a small blood- 
thirsty mammal, the mongoose (Rikki-Tikki-Tavi, 
of Kipling’s Second Jungle Book), which is very 
effective in keeping down noxious animals, such as 
the cobra. This creature was introduced into Jamaica 
to combat the Old World rats, which it most effec- 
tively did. It then turned to the native cane rats 
and destroyed those, then domestic fowls, next the 
Jamaican ground birds and insect-eating lizards. 
Thus the normal checks on various noxious insects 
and ticks were removed, and the latter, taking advan- 
tage of the absence of their enemies, throve mightily, 
attacking in their turn the valuable plants and ani- 
mals and, I imagine, man himself. It is said that 
the face of nature is already changed as a result, 
and the end is not yet reached, for the circle of effect 
is an ever widening one." 


Organic Associations 


The association of organisms of unlike kinds with 
one another is well known, such partnerships often 
being for life. They may be mutually beneficial on 
the one hand, or a one-sided sort of partnership on 
the other, in which the advantage lies entirely with 
one of the associates. 

Of those which are mutually beneficial, the first 
are the commensals. This word means “eating at 
the same table” and was once in more frequent use. 
It is now obsolete, except when used in its biological 
sense. Commensals are, therefore, messmates with- 


1 Also in Osborn, 1906, p. 843; and Palmer. 1899, pp. 93, 94. 
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out the contrasting mode of nutrition seen in symbi- 
otic types to be discussed later. 

Instances of commensalism are very numerous, 
and grade all the way from a loose to a very intimate 
partnership, which certain authors include under 
symbiosis itself. 

The shark and the pilot fish is a frequently men- 
tioned association of this character, the pilot fish 
profiting by its share in the shark’s feast and, it is 
said, by way of recompense, guiding the shark to its 
prey. Rhinoceros birds associated with a very dull- 
witted animal benefit the latter by a warning of 
danger and by relieving it of the ticks which infest 
it and which form a food of sorts for the birds. 
Fishes are found in association with sea anemones, 
being in some way immune either to the sting or to 
the digestive juices of the creature within whose 
internal cavity they dwell. One fish dwells in 
amicable association with a sea cucumber, lying in 
the rectum of the latter, whence it darts out to secure 
its prey. A curious adaptation of the fish lies in the 
shifting forward of its own vent to a position beneath 
the throat, so that when it lies, as it often does, with 
its anterior portion protruding from its host, the 
latter is not defiled by the voided waste of the fish. 
It is difficult to see what, if any, advantage is gained 
by the sea cucumber in this strange partnership, but 
it is not yet parasitism, because, so far as we know, 
no harm is done to the host. Another similar asso- 
ciation is that of the remora, or sucking fish, and the 
shark. The former has an amazing modification of 
the dorsal fin into a broad, cellular, sucking disk on 
the top of the head, by means of which it adheres 
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to the larger fish. A quick detachment is made when 
prey is sighted, and’as quick a return when its hunger 
is satisfied. Here again the benefit to the shark 
or other towing fish is doubtful; as a matter of fact 
its speed must be markedly retarded. Whether it 
is a welcome guest and thus fills the need of com- 
panionship to the shark, or whether, like some well- 
meaning friends, it is merely “put up with,” is by 
no means clear. 

One of the most familiar instances of commen- 
salism, so intimate that certain authorities call it sym- 
biosis, is that of the hermit crab and colonial animal, 
or hydroid. The latter forms a fuzzy growth all 
over the crab’s shell, and occasionally its limbs, and 
serves to protect it both by camouflage and by its 
stinging properties. By way of return the otherwise 
sedentary hydroid gains transportation and feeds on 
the food particles scattered by the crab. Another 
species, instead of the usual mollusc shell with which 
the hermit generally protects its person, has a tunic 
over the delicate abdomen composed of a compound 
anemone, to the mutual advantage of both partners, 
as with the crab-hydroid association. 

Symbiosis, as the author interprets its meaning, 
implies so close a union that it is for life, and, 
moreover, it is a union between organisms with a 
contrasting method of feeding, as a green, chlor- 
ophyl-bearing plant and an animal, or a green plant 
and a colorless fungus. 

Of the former there are numerous instances among 
the lower forms of life. A form of Amceba and 
many radiolarians among the Protozoa or unicellular 
animals, together with the fresh-water polyp, have 
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numerous unicellular green plants, which live in 
the protoplasm of the animal. From the animal 
the plants receive protection and certain wastes, 
which they utilize as food. In return for this the 
animal receives oxygen, given off by the plants dur- 
ing the formation of starches. 

But a still more remarkable instance lies in the 
lichens, which are compound plants formed by the 
intimate union of a fungus, which contributes to the 
partnership protection, attachment, and raw food 
materials, air, water, and nitrogenous salts, and a 
green alga, which elaborates the food. They can 
live alone, but the combination is much better fitted 
to withstand the vicissitudes of life than either would 
be singly; they can, however, be induced to live 
separately, the alga in water and the fungus on 
sugary material. Normally the fungus forms 
spores, which are wafted away and, if they come in 
contact with appropriate partners, will form new 
lichens. Both partners combine, when they come to 
the formation of sexual reproductive bodies. 

Parasitism, on the other hand, implies a lack of 
balance, so far as benefit is concerned, for the parasite 
alone profits, and the host always suffers, though 
in varying degree. The effect of parasitism on the 
host is discomfort, due to the drainage of substance 
from its body or from its own food supply. Often 
there is serious illness, or even death, caused by the 
debilitating effect of this drainage or by actual 
poisons liberated by the parasite into the host’s body. 
Immunity to the effects of the parasite may be gained 
by the host, but this is not immunity to the parasite 
itself; it is merely that the body has acquired the 
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power to neutralize the effects of the parasite’s activ- 
ity. A parasite brought in contact with a new host 
to which it can adapt itself will often spread amaz- 
ingly, not only through the tissues of the individual 
host, but to others of its kind, and the results may 
be utterly disastrous, the disease to which the parasite 
gives rise spreading like wildfire. Such were the 
historic visitations of the Black Death in London 
and elsewhere in the fourteenth century, and the 
occasional spread of its equivalent to-day, the bubonic 
plague, and of malaria, and other kindred diseases. 
The parasite may be spread to new regions and vic- 
tims either through migration of a parasite-effect im- 
mune—in other words, a “carrier”—or it may be the 
result of migration of animals or peoples into the 
region where the parasite exists in native hosts which 
are immune reservoirs of the disease. Such creatures 
and men suffer terribly before immunity is attained 
and an equilibrium reached. There is reason to 
believe that some of the otherwise inexplicable ex- 
tinctions in the geologic past, such as that of the 
native horses in America during the Pleistocene, may 
have been in part due to such a visitation. The de- 
struction of the splendid natives of Typee, described 
by Herman Melville, is an instance in point. 

The effect upon the parasite varies greatly. Primi- 
tive forms, such as bacteria, probably have not 
changed at all as a result of their mode of life. 
Higher organisms, like many insects which are para- 
sitic in their adolescent stages, have also undergone 
but little alteration as a result of their parasitism; 
but when they are parasites as adults there is marked 
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degenerative evolution, at times of the most extreme 
character. 

The changes which the parasite is most likely to 
undergo are, first, a loss of locomotive organs, their 
place frequently being taken by hooks and suckers 
for adhesion. With this goes the reduction of mus- 
cular and nervous development, with a loss of certain 
organs of special sense which are most directly cor- 
related with locomotion, such as the organs of vision. 
Loss of locomotive powers means further a reduction 
of metabolism, together with the organs concerned, 
and, in the case of some intestinal parasites, such as 
the worms, the alimentary tract may either be bereft 
of its digestive glands, as in the round worm of man, 
wherein the organism lives upon substances already 
digested by its host, or it may be entirely wanting, as 
in the human tapeworms. 

The parasite is, in general, a degenerate special- 
ization of more perfect ancestors; but, from the 
standpoint of adaptation to parasitic life, the condi- 
tion arrived at is not loss of perfection, but greater 
perfection for its mode of life. Often it is only 
possible to classify the parasite at all through a 
knowledge of its life history, the adolescent stages 
revealing at once its relationship with other animals. 
That parasitism is a highly successful mode of life 
is attested to by the immense numbers of such crea- 
tures which exist, more than one-half of the animal 
kingdom, we are told, being parasitic during some 
portion of their career. That the vicissitudes of 
parasitic life are great, however, especially during 
the passage from one host to the next, which gen- 
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erally coincides with a reproductive cycle, there is 
abundant proof, for the numbers of their young are 
legion, and, whatever other anatomical system may 
suffer, the organs of procreation are always abun- 


dantly developed. 


The Littoral 


As specific examples of adaptation to the physical 
environment the inhabitants of the sea are most 
admirable, for the influence of the medium on the 
creatures which it contains is so profound that they 
afford many striking examples of convergent evolu- 
tion. There are three marine realms which present 
divergent characteristics with a consequent range of 
adaptation of their inhabitants. The first of these is 
the littoral, a term of somewhat varied usage, but 
which for our purpose may be said to include the 
strand, that part left bare by the retreating tide, plus 
the “flat sea” which overlies the so-called continental 
shelf, from low-water mark to the hundred-fathom 
line. 

The strand is laid bare twice daily, although in 
certain regions the second tide rises to a lesser height 
or may be entirely absent, due in part to configura- 
tion of the coast line and consequent interference of 
the tidal currents. Here there is bottom, an abun- 
dant light, seasonal and diurnal changes of tempera- 
ture, but, above all, the necessity for some sort of 
dual breathing or of burrowing in the damp sand 
or hermetically sealing the shell against the drying 
effects of the atmosphere and passively enduring 
until the tide rises again. A notable instance of this 
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passive endurance is seen in the bannacles which 
incrust the rocks and piles of wharves, wherever 
they can gain an adequate anchorage. We are told 
that they are often found well above the normal 
high-water mark, where they may be dry eighteen- 
twentieths to nineteen-twentieths of their life, for 
spring tides and a wind-driven sea are necessary to 
their submergence. In one instance they were dry for 
forty-four days, and, as they can only feed when 
submerged, some appreciation of their endurance, 
both of desiccation and of hunger, may be formed. 
The strand animals are nearly all bottom dwellers, 
though, of course, fishes may swim over the sub- 
merged strand at high water. 

The continental shelf is formed by wave action, 
the breakers cutting back the land and depositing 
the refuse on the seaward margin, so that the shelf 
widens in both directions. It varies greatly in width, 
being widest on an old coast and narrowest on one 
that is rising. In the north of North America the 
great collection of islands in the Arctic sea, the Grand 
and Georges Banks, etc., are all on the continental 
shelf. It is a well-populated region, having an abun- 
dance of light, diurnal and seasonal changes of tem- 
perature, abundant plant life, and it is readily divis- 
ible into isolated areas which make for the segrega- 
tion of the inhabitants. Because of the abundance 
of food, varied and variable conditions, and this ease 
of isolation, which is one of the prime factors of 
evolution, this region is a regular hotbed for the 
production of varied types. It has been aptly called 
the cradle of evolution. 
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The High Seas 


Beyond the limits of the continental shelf is the 
vast expanse of the high seas, or the pelagic realm. 
Authorities differ as to the exact vertical limit of 
this realm, but it is generally looked upon as the 
seaward extension of the flat sea, that over the con- 
tinental shelf, which has just been described. For 
the hundred-fathom limit of the continental shelf is 
also that of effective sunlight where assimilating 
green plant life can exist. Light actually penetrates 
on the average twice that far, but the deeper pene- 
tration is by the rays toward the violet end of the 
spectrum, while those of the red end are the most 
effective for plant chemistry. In the pelagic realm 
conditions are as varied as are those of the flat sea, 
and, like the latter, there is an upper zone of occa- 
sional tumult during stress of weather, movement of 
ocean, and tidal currents to aid in dispersal, but the 
bottom, with ease of isolation, is absent, so that phys- 
ical segregation is impossible. Hence, while the flat 
sea includes both bottom-dwelling and water-borne 
types, the pelagic contains the latter only. These 
vary, however, falling naturally into two bionomic 
groups, the planktonic organisms, which have feeble 
or no powers of locomotion, and the nekton, or 
swimmers. Plankton are, as a rule, transparent or 
nearly colorless, pellucid or with pale rose or violet 
harmonizing colors; their symmetry is usually radial, 
as opposed to the bilaterality of the locomotive types; 
and they possess little or no skeleton. They have 
the power to rise and sink, but are otherwise at the 
mercy of wind and wave. Their sinking powers 
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enable them, however, to find tranquillity in a wind- 
swept sea. Creatures far removed in actual rela- 
tionship, such as unicellular animals and plants, jelly 
fishes, and free-living colonial types such as the 
Portuguese man-o’-war, certain molluscs, the sea 
butterflies, and the free-living tunicates, belonging 
to the chordate phylum (see p. 27), all have the 
common characteristics of the planktonic organisms 
and are often more readily recognized as such than 
as molluscs or coelenterates or chordates, as the case 
may be. Nektonic types are more powerful, with 
well developed muscles and a locomotor skeleton, 
generally opaque, colorful creatures, well endowed 
with a nervous system and with organs of special 
sense. They include the molluscs known as cephalo- 
pods, such as the squids and cuttlefish, among inver- 
tebrates, but otherwise they are almost all backboned 
animals, fishes, marine reptiles, seals, and whales. 
Here the environment has molded the creature so 
profoundly that its general contour, if it is a swift 
swimmer, has been reduced to a definite mathe- 
matical curve, the so-called numerical lines. In gen- 
eral, the section is that of an ellipse, the greatest 
girth 36 per cent back from the snout, the entering 
wedge, with smooth convex lines, while the so-called 
run is as smoothly concave. All excrescences, except 
the necessary propelling and stabilizing fins, are re- 
duced, and the fins themselves are mere lines when 
viewed from in front. This has given rise to some 
remarkable convergent evolution. The fishes, being 
gill-breathers, are primarily aquatic in that their 
ancestry has always inhabited the waters. Marine 
reptiles and mammals, on the other hand, are lung 
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breathers, which implies a terrestrial ancestry and 
therefore a secondary adaptation to aquatic life. But, 
except for the seeming impossibility of regaining 
oill-breathing, owing to the law of the irreversibility 
of evolution’ and the handicap of lung breathing, 
which necessitates coming to the surface for air, with 
its attendant dangers, as, for instance, that of the 
whales at the hands of man, the adaptation of both 
marine reptiles and mammals to aquatic life is essen- 
tially perfect. The most remarkable convergence 
is shown in the diagram of a shark, a fish, an ichthyo- 
saur, a Mesozoic reptile, and a dolphin, a modern 
mammal. The propelling tail fin has been newly 
evolved in each of the two latter, and it differs 
radically in all three. With the shark the fin lies 
beneath the tail, the backbone of which thus runs 
into the upper lobe; in the ichthyosaur it lies above, 
so that the bone is in the lower lobe; while in the 
dolphin the fins or flukes are lateral, the vertebral 
column and the propelling tail being horizontal. We 
do not, of course, know the coloring of the prehistoric 
ichthyosaur, but, as that of the fish and dolphin 
conform to a definite law, steely blue or gray above 
and light beneath, it is safe to assume, in absence of 
the possibility of denial, that the ichthyosaur con- 
formed in this regard as it is known to have done in 
others. 


The Deep Sea 
This region embraces all of that portion of the 
oceans beyond the edge of the continental shelf and 


_1 This law has to do with the regaining of parts lost through degenera- 
tive specialization, which is impossible, although, should need arise, the old 
function may be, and occasionally is, assumed by another organ. 


Fig. 1.—Shark, a primitive fish, Ichthyosaur, a reptile, and Dol- 

phin, a mammal, all adapted to aquatic life, showing convergent 

evolution of unrelated forms. Drawn from original sources. 
Suggested by Osborn; 
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below the pelagic realm. It is known technically 
as the abyss and extends over one-half the entire 
globe. Its antiquity is apparently very great, for 
Barrell,’ among others, has given evidence that the 
ocean basins have known no essential shifting since 
the close of the Proterozoic, a duration of at least 
one hundred million years. It is concluded that the 
position, although not the detailed form, of conti- 
nents and oceans is determined not by the emergence 
and slow growth of the former, but because of a 
difference in the weight of crustal materials, for, 
with very rare exceptions, no considerable portion of 
the ocean bottom has ever been thrust up from below 
to the surface of land or sea. True deep-sea deposits 
are found only on certain oceanic islands—Barbadoes, 
Trinidad, Sicily, and Malta, their total area being 
less than I per cent of the entire earth’s surface. 
Of course, the continental outlines have changed. 
At times they stood high above sea level; again, they 
were but little above the height of the strand. There 
have been encroachments of the sea upon the land, 
such, for instance, as that during Cretaceous times, 
when a northern extension of the Gulf of Mexico 
formed a vast mediterranean sea,” which flowed north 
until it met the northern Pacific (or Arctic) (see 
Schuchert’s maps). For the most part these seas 
were shallow, one hundred fathoms or less, with 
occasional deeper areas, but the latter would merely 
add to the deep-sea area, thus giving it an even 
greater extent than at present. It was this vast an- 
tiquity of the environment that led to the hope 
that ancient forms, such as the Paleozoic trilobites, 


1 Barrell, 1918. 2 Schuchert, 1924, Chaps. xxxviii, xxxix, 
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might yet be found alive in its profounder depths, 
but exploration has not thus far revealed a single 
type representing an exclusively deep-sea group; 
all are merely abyssal representatives of shallow 
water families. 

Yet another characteristic of the abyss is its con- 
tinuity. No barriers have arisen, except, perhaps, 
the submarine barrier that separates the Mediter- 
ranean Basin from the Atlantic, and creatures, pro- 
vided their migratory powers suffice, can travel the 
world over without let or hindrance. It is evident 
that evolution of these various types has not gone 
on in the abyss, but rather that they are deep-sea 
adaptations of pelagic or flat-sea types. 

The deep sea is further divided into the abysso- 
pelagic and the abysso-benthonic regions, the former 
being without, the latter with, a substratum. It is 
not a matter of depth below the surface, but merely 
proximity to the sea bottom which distinguishes 
them. Nevertheless, the distinction is important bio- 
nomically, because only the abysso-benthonic realm 
can possess sedentary or bottom-wandering forms, 
and it is only here that the oozes, to be described 
later, are found. 

Four main attributes characterize the abyss and 
affect profoundly, although in varying degree, the 
deep-sea creatures. They are: 

Absence of Light——Tests have been made by 
lowering a sensitized plate to varioys depths, expos- 
ing it, and, by development, ascertaining the depth 
to which diffused daylight penetrates. It differs 
with the clarity of the water and the direction of 
the sun’s rays, being greatest beneath the overhead 
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sun of the tropics and least toward the poles. On 
the average, two hundred fathoms is about the limit, 
but, as in the flat-sea and pelagic realms, one hundred 
only of the depth has effective sunlight and therefore 
belongs to the upper realms. There is, therefore, at 
the upper limit of the abyss, a twilight region where 
light exists in diminishing degree, but is valueless 
for the support of chlorophyl-bearing plants. It 
does, however, permit the inhabitants of these levels 
to use their eyes, although, as one goes deeper, the 
eyes become strangely modified to catch the last 
glimmering rays. 

Below two hundred fathoms the darkness is styg- 
jan, so far as sunlight is concerned. Phosphorescent 
light is there, however, emanating from countless 
organisms, giving, as one imagines it, the effect of 
a starlight night. 

Cold.—Below five hundred fathoms the tempera- 
ture is about 37° Fahrenheit, while in the great 
deeps it is approximately at the freezing point, al- 
though, of course, the water never actually congeals. 
It is not supposed that this extreme cold always ex- 
isted, but rather that it dates from the Pleistocene 
glacial period, due to the tremendous influx of ice- 
cold water into the sea. This may well have been the 
time of widespread extinctions of the survivors of 
more distant geological epochs. It was certainly 
a very critical time in the history of terrestrial life. 

Quiescence.—The influence of the greatest storm 
waves does not extend below one hundred and fifty 
feet, and the ocean currents are all superficial. From 
one hundred fathoms down all measurable move- 
ment ceases, except for the slow diffusion streams. 
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The surface waters, such as the Gulf Stream and 
Japan Current, in general, have their origin in trop- 
ical regions where the heat of the sun warms the 
sea and aids in starting the currents on their way. 
In the Arctic the chilled water sinks and returns 
toward the equator along the ocean floor. This not 
only serves to bring to the abyss the ice-cold waters 
and thus to prevent it from warming perceptibly, but 
it also replenishes the supply of oxygen to the deep- 
sea creatures, without which they could not exist. 

Pressure.—Pressure increases appallingly, directly 
with the depth, the ratio’ being about one ton to the 
square inch for every thousand fathoms of depth. 
The greatest depth to which a human diver, with 
an ordinary submarine diving dress, can go with 
safety is about two hundred and seventy-five feet, 
while the latest submersible craft have a safe work- 
ing depth limit of two hundred feet, although they 
can go somewhat deeper without destruction, but in 
each instance the pressure is borne entirely on the 
outside surface, which must be sufficiently resistant 
to endure it. This would be manifestly impossible 
in a deep-sea fish; therefore the pressure is trans- 
mitted throughout the animal in such a way as to 
equalize it within and without. They are evidently 
no more conscious of it than are we of the burden 
of the fifteen pounds of atmospheric pressure to 
each square inch of surface to which we are subjected 
at sea level. 4 

The ocean floor is covered with deposits. Those 
of the continental shelf are almost entirely inorganic, 


1The depth in feet is multiplied by .434; hence at 6,000 feet or 1,000 
fathoms it would be 2,604 pounds. 
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built up of materials washed from the land or the 
debris of the cutting back of the coasts by wave 
action. From one hundred to one thousand fathoms 
they are inorganic and organic; beyond that depth 
the former element ceases, and, except for the great 
deeps, the entire ocean floor is covered with organic 
materials known as the oozes, which are of immense 
importance to the abyssal creatures, as they are the 
ultimate source of food. The oozes are composed 
of the shells and bodies of tiny marine creatures, 
mostly microscopic, which dwell normally in the 
pelagic realm. Some are green plants, diatoms; 
others can get ready access to green plant food. As 
they die these sink downward into the depths, being 
kept from rapid decay by the refrigerating cold, 
and thus bring food from the realm of light into 
the abyss. These oozes are of four general sorts, 
two with calcareous or limy shells, and two with 
silicious or quartzy. The calcareous are found in 
the lesser depths, down to twenty-five hundred 
fathoms, beyond which the amount of carbon diox- 
ide becomes so excessive that the limy shells are 
dissolved before reaching the bottom. The calcare- 
ous oozes are the foraminiferal, often called the 
Globigerina ooze, because of the high content of 
shells of that particular genus, and the pteropod. 
Foraminiferal ooze covers thousands of square miles 
of ocean bottom in the North and South Atlantic 
and the Pacific oceans and consists largely of the 
shells of Protozoa. The other calcareous ooze is 
named from the high percentage of the shells of 
tiny molluscs, the pteropods or sea butterflies. The 
numbers of these surface-dwelling creatures are suf- 
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ficient to form the principal food supply of the 
baleen, or whale-bone whales. This ooze ranges down 
from five hundred to fifteen hundred fathoms and 
is found not so far from the land. Of the silicious 
oozes the first is the radiolarian, made up of the frag- 
ments of protozoan shells, which from their glassy 
fragility are rarely perfect. This is limited to the 
tropical regions of the Pacific and Indian oceans; 
while the fourth, or diatom, ooze, which is not of 
animal, but of plant origin, covers an estimated area 
in the Antarctic region of ten million square miles, at 
an average depth of about two thousand fathoms. In 
the great deeps the oozes are absent, the bottom being 
covered by the red clay, composed largely of disin- 
tegrated, water-logged pumice stone, and extra-ter- 
restrial materials, such as meteorites, together with 
resistant manganese nodules and the ear bones of 
whales and the teeth of a huge Pleistocene shark. 
The abundance of ear bones and teeth, which are 
sometimes secured in a single haul of a dredge— 
once in the Pacific the number was fifty ear bones 
and fifteen hundred teeth—was taken as evidence 
that the huge shark was still alive in the depths. 
Another interpretation, and undoubtedly the correct 
one, is that they indicate rather the extreme slowness 
of deposition which has not covered these things 
beyond the scope of a dredge since the close of the 
Pleistocene, when the shark and perhaps some of 
the whales became extinct. : 


The Deep-Sea Fauna 


All phyla of-animals are found in the deep sea, 
although, as compared with other faunas, the num- 
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ber of species is relatively small. In some cases, how- 
ever, the number of individuals may be very great. 
Manifestly our knowledge of this fauna must be 
very incomplete, for, while the trawl will come up 
from below laden with material, the more alert and 
active must be caught in the slow-moving device 
largely as a matter of chance. Such as have come 
within the scope of our observation, however, are 
amazingly interesting in their adaptation to a very 
discouraging environment. 

The fauna is not old, geologically speaking, for 
the invertebrates do not, as a rule, antedate the first 
period of the Age of Reptiles, the Triassic. The 
vertebrates, on the other hand, are more recent, none 
being older than the Tertiary, with the possible ex- 
ception of a single shark, and even that may be a 
late downward migrant. The source of the fauna 
is not the result of local evolution—that is, of an 
exclusively deep-sea group—for they are, as has 
been said, all of them representatives of types found 
elsewhere. It is reasonable to believe that they are 
creatures derived from flat-sea or pelagic ancestors, 
many of them probably nocturnal in habits. These 
would naturally perform daily migrations, coming 
to the surface at night and seeking the twilight zone 
of the sea during the day. Thus they would have 
sufficient time to evolve phosphorescent or luminous 
organs before their permanent migration into the 
abyss began. 

The characters of the animals may be summed up 
briefly as follows: the body, when released from the 
pressure to which it is normally subjected, seems 
very weak and fragile, with thin shells or bones con- 
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taining but little limy matter. The form of the 
fishes is generally attenuated, with the tail drawn 
out into a long filament, or the entire body may be 
eel-like. There are other fin filaments which are 
probably touch or possibly taste organs in part, such 
as are seen only in fishes living in relatively quiet 
waters. 

The apparent colors are subdued pearly gray or 
black, for manifestly color cannot be seen where 
there is no light; occasionally, however, there are 
brilliant scarlet fins, probably a valueless survival, 
carried on by heredity, from the light-dwelling an- 
cestors, or they may be due to their transparency, 
which permits the natural color of vertebrate blood 
to show through, as in the rosy cheeks of childhood. 

Their food-getting devices are varied, but gen- 
erally the jaws, armed with ferocious teeth, are 
loosely hung and connected at the chin by an elastic 
ligament which permits the swallowing of objects 
larger than the swallower, after the manner of 
snakes. Some are toothless, with huge mouth and 
scoop-shaped jaws. These evidently feed on the 
oozes which they assimilate and then, quite unwill- 
ingly, pass them on to others by becoming, in turn, 
a source of food of the more voracious carnivores, 
thus serving as middlemen between the source of 
supply and the ultimate consumer. 

The eyes vary all the way from normal ones to 
concave mirror-like and curious telescopic eyes, 
highly adapted to catch the last glimmer of light. 
Sometimes the eyes are very large; again they may 
be entirely wanting, even in certain fishes that possess 
luminous organs. The luminosity, which is charac- 
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Fig. 2—Deep-sea Fishes, redrawn from Goode and Bean. 
Eurypharynx Polyipnus 
Linophryne 
Thaumatostomias 


teristic of the vast majority of deep-sea forms, may 
be in the form of a luminous slime covering the 
entire fish, or it may be confined to certain definite 
regions of the body in the shape of highly devel- 
oped, light-producing organs, which look not unlike 
mother-of-pearl buttons. They are sometimes so 
complex, with lens-like structures, that they have 
been considered as accessory eyes, but now their 
luminous function seems pretty well established. 
They may be on the head, or along the lateral line, 
making the fish look like a liner at night with the 
portholes all illuminated. Certain of these fishes 
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are related to the anglers of shallow waters, which 
have a lure, generally a modified anterior ray of the 
dorsal fin. This terminates in a fleshy swelling, 
which serves to attract the prey within reach of the 
capacious jaws. In the deep-sea anglers the lure is 
luminous, thus serving its purpose in the darkness. 
The fish itself, however, may be blind. 

Despite the apparent ferocity of many of these 
abysmal fishes, the most unexpected characteristic is 
their surprisingly small size, for their length, as a 
rule, is measured in inches rather than in feet. 

The deep-sea animals—and, of course, fishes are 
the highest, as air-breathers are from the nature 
of things excluded—are varied in a sense, and yet, in 
the main adaptive characters enumerated above, 
strangely alike, for an environment like this, which 
places so distinct a hallmark on its denizens, makes 
strongly for convergent evolution. 

Aside from a possible change of temperature, which 
seems very remote, as it would be due to a warming 
of the polar regions of the earth or the reversal of 
ocean currents, the other physical characteristics of 
the abyss are due to the nature of water itself and 
are changeless. Creatures once adapted to abyssal 
condition have before them an unprogressive future, 
for change of environment stimulates evolution to 
quickened movement, and as long as these creatures 
live in their discouraging habitat their outlook is 
hopeless. 


rd 


CHAPTER GIT 


THE INSURGENCE OF NATURE AND THE 
STRUGGLE FOR EXISTENCE 


Multiplicity of Organisms 


One is immensely impressed with the teeming 
numbers of organisms, especially such as are found in 
the sea, either along the shore or in the high sea 
realm, when the proper methods are taken to secure 
them, for so perfect is the protection by secretive- 
ness or camouflage that even the trained observer 
fails to note anything like the total numbers which 
exist. 

The number of kinds or species of animals has 
been variously estimated, but, taking the world as a 
whole, will never be completely known. The num- 
ber of vertebrate animals known to science is about 
twenty-four thousand, while of invertebrates ten 
times that number have been described. But this is 
by no means the final total, for Howard* has esti- 
mated the number of insect species to be not far from 
three and a half million. But these are living forms, 
and there is reason to believe that, in the later geo- 
logic ages, at all events, the numbers were fully as 
great. Taken collectively, for all time during which 
organic life has existed on earth, the number must 
be gigantic. 

1 Howard, 1924, letter. 
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But of individuals the numbers can be no more 
comprehended by the human mind than the dis- 
tances of interstellar space. Some examples will, 
however, serve to emphasize this truth. 

Certain creatures, especially of the higher verte- 
brates, are rare, sometimes, perhaps, because their 
racial course is about run and they approach extinc- 
tion. Such, for instance, are the occasional and solitary 
leatherback turtle, the frilled shark, but few speci- 
mens of which have ever been taken, and the white 
rhinoceros, of which there are apparently but a score 
of survivors. On the other hand, numbers of fishes, 
of which man takes annually a toll, are not merely 
of thousands of individuals, but of thousands of tons, 
such as the herring, cod, menhaden, and salmon. 

Some numbers of the shore population have been 
compiled by Flattely and Walton.’ First as to 
numbers of species found within tide marks: for 
Sydney Harbor, 2,136; the Irish Sea, over 1,680 
species of invertebrates; Trieste, 1,268; Woods 
Hole, Massachusetts, in 1913, the same; while the 
Firth of Forth in 1909 recorded 1,213. Of actual 
numbers there are, of course, vastly more afloat 
than ashore, as the former, especially the smaller 
plankton, supply food for the sedentary life. A five 
minutes’ towing with a small silken net over a half 
mile of the Irish Sea in the spring captured millions 
of diatoms while a similar towing in midsummer 
netted small crustaceans to the number of 214,000. 
Of shore forms again the numbers may be prodigious 
in a relatively small area. Thus of barnacles 2,940 
have been counted on a square foot of rock, and the 


1Flattely and Walton, 1922, pp. 47-48. 
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writer has approximately verified this on the Long 
Island Sound shore near New Haven, where the 
young barnacles were solidly packed, with no space 
between them at all. And on the under surface of 
a bathing raft in a salt pond at East Orleans, Cape 
Cod, a similar condition was found; not this time, 
however, of the crustacean barnacles, but of sea 
squirts or tunicates, which, while they varied greatly 
in size, were a complete covering to the woodwork 
of the raft. Later, when the struggle for existence be- 
came more intense and the lesser ones were crowded 
out of existence, we were careful not to tip the raft 
up and therefore expose them to the air, because of 
the odor of their disintegration. 

In a small cavern at the south end of the Isle of 
Man the walls were covered by a small red tunicate, 
which averaged over fifty thousand to the square 
yard. Flattely and Walton also picture an area of 
sandy shore of Dovey Estuary where a vast colony 
of lug-worms exist, the estimated population of 
which is put at three to four millions to the mile. 

The phenomenon of phosphorescence among 
marine animals has been discussed, and there are 
many of these animals which are visible only at night 
and occasionally when something agitates the water, 
as in a storm or the movement of an aquatic animal 
or a ship. Such are the protozoan types known as 
Noctiluca miliaris, micro6rganisms of such prodigious 
numbers that the population of a bucket of sea water 
dipped up from overside may equal that of the 
world’s greatest metropolises, New York or London. 
And yet the passage of an ocean liner creates a 
luminous wake over miles of sea, and it is hardly 
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to be supposed that the ship is passing along a narrow 
lane of them. Every stroke of the oars of our boat 
in Maine on a summer’s evening is like the stirring 
of a fire when the sparks fly upward. 

Globigerine, the shells of .which form so large a 
part of the calcareous deep-sea ooze, are in size like 
fine-grained sand, and yet they cover nearly one- 
half the ocean floor, one hundred and twenty-nine 
million square miles, doubtless to a considerable 
depth. What mind can comprehend the numbers 
of individuals which these represent, all of them 
apparently successful in the struggle for existence, 
as they have lived their lives out, brief as their span 
may be? 

Hardly a habitat so forbidding that it does not 
possess some forms of life, the larve of flies ranging 
in their distribution from free life in the clearest 
mountain torrent to a loathsome ditch, from the 
purest water to intense brine, and from utter freedom 
of life to a parasitic existence in the alimentary canal 
of an ox. The cliffs of Greenland will be covered 
for miles by “red snow,” the actual snow being com- 
pletely concealed by a unicellular alga; while in the 
forbidding wastes of the Antarctic, where seemingly 
nothing exists and the lakes are covered with fifteen 
feet of ice, dredging has brought to light molluscs, 
crustaceans, worms, anemones, and starfishes; * also 
beneath the ice there was a layer of vegetation con- 
taining, in turn, hosts of microdrganisms. Some- 
times the homes seem terribly perilous to our eyes, 
such, for instance, as the brink of Niagara, the might 
of which, aside from its beauty und grandeur, is 


1 Thomson, 1914, p. 142. 
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appalling. Yet here are peaceful snails, living out 
their lives serenely by the side of sudden death, for, 
while an occasional one might survive the falls 
themselves, it is difficult to see how it could endure 
the passage of the rapids and the whirlpool, out 
into the calm beyond. 

The teeming multitudes of birds on Bird Rock, a 
sanctuary in the St. Lawrence Gulf, show once more 
the dangerous flirting with death so characteristic of 
life; for, while the adults, with their powerful pin- 
ions and their immunity from drowning, if they 
fall overboard, are safe, the eggs are laid on the 
narrow rocky ledges, from which they could roll 
with the utmost facility into the sea, were it not that 
their conical shape causes them to describe a circle 
rather than to roll straight ahead. The elimination 
of the unfit—that is, the non-conical—would suffice 
to account for their form. “Life,” as Thomson says, 
“is persistent and intrusive—spreading everywhere, 
insinuating itself, adapting itself, resisting every- 
thing, defying everything, surviving everything.” 

While the adjustment between the organism and 
the environment is so delicate that the slightest dis- 
harmony may lessen greatly the chance for survival, 
the extreme fragility of certain forms, which, like 
some of the comb jellies, cannot be taken up in the 
hand, for they drain away between the closely pressed 
fingers, is such that it seems almost incredible that 
they can possibly survive the wear and tear of a sea- 
faring life. Yet they do, and the fragile chain of 
their existence must go back into the remote eras of 
geologic time. On the whole, despite its fragility, 
“life is tough,” an apparent paradox, but an assump- 
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tion justified by the results. Even with What looks 
like a prohibitive handicap, such as the utter lack 
of a mouth in a carp, remarkable survivals are re- 
corded, for the carp managed to exist for four years, 
feeding apparently through ‘the gill openings on 


organic debris or microdrganisms. 


Productivity of Nature 
This is beyond all possibility of survival, for the 


slowest rate of increase known would suffice, sooner 
or later, and often alarmingly sooner, to overrun the 
possibilities of space. This is the Malthusian law, 
that which set both Darwin and Wallace thinking, 
and resulted in the dual discovery of the law of 
natural selection, that all organisms increase by geo- 
metric progression, while food and space remain, 
on the whole, constant. There must be, therefore, 
some check on this production to limit survivals. 
But a number of concrete examples should be given 
to bring a realization of this more clearly before 
the mind. Darwin’s classic illustration is that of the 
elephant, one of the slowest breeders known. Reach- 
ing maturity at about thirty years and having but 
six young in its century of life, yet the offspring of 
a single pair would, at the end of eight hundred 
years, amount to nineteen millions, exceeding, by 
far, the present elephantine population of the globe. 
A brief additional breeding time and there would 
not be standing room for their progeny. Man, 
another extremely slow breeder, has doubled in num- 
bers, as it is, in twenty-five years, largely through 
his intelligent care of his young and their consequent 
increased expectation of life. It has been estimated 
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by East’ that the grandchildren of human beings now 
alive will witness the saturation of the earth by 
humanity! Bacteria, breeding by simple binomial 
division, nevertheless increase with extreme rapidity 
—to a million in a day, as their reproductive cycle is 
soshort.” Larger forms, however, breed more slowly, 
but make up for it in the numbers of their young. 
Thus four herrings averaged twenty thousand to 
forty-seven thousand eggs, a twenty-one-and-a-half- 
pound cod six million, a seventeen-pound turbot nine 
million, a fifty-four-pound ling twenty-eight mil- 
lion! Should all the offspring of a single pair of 
codfish survive to ten years, there would be no room 
in the seven seas for their descendants, and now 
We are not speaking in terms of square, but of cubic 
miles without end. Dr. John Schmidt, in an article 
in Nature, for March 17, 1921, speaks of a specimen 
of the sea sunfish, or headfish, Mola, one and a half 
meters long, the ovary of which contained three hun- 
dred million small, unripe ova! Imagine the result 
of this, if the breeding were unrestrained and all 
survived for but few years, for an adult sunfish, 
though of another species, may be eight feet long 
and weigh eighteen hundred pounds! The actual 
numbers, however, remain approximately the same 
from year to year, so that the actual chances for 


1“Obviously the world is filling rapidly. Fifteen million more seats at 
Nature’s banquet table must be provided yearly. ... The maximum popu- 
lation the earth can support is a little over 5,000 millions. And, here ts 
the heart of the matter, the time when this important event would take 
place, at the present rate of increase, is not so far distant but that some 
of our grandchildren would live to see it.”—East, 1923 a, p. 2173 see also 
East, 1923 0 

2“The daughter cells, if the environment is favorable, attain full size and 
are ready to divide again within twenty or thirty minutes, so that it has been 
estimated that the descendants of a single individual of the Hay Bacillus, 
for example, would number 281,500,000,000 in forty-eight hours,”—Baitsell, 
1923, D. 47. 


THE INSURGENCE OF NATURE 65 


survival average one in three million for tle cod and 
one in fourteen million for the ling, for, of course, 
two parents are necessary to produce the six or 
twenty-eight million eggs, as the case may be. In 
certain of the New Brunswick rivers the capelin run 
at times in such numbers as to fill the stream from 
bank to bank, and in such relic seas as the Caspian, 
where the numbers of kinds of animals are few but 
of individuals very large, the cessation of fishing 
for a single day is said to make an appreciable in- 
crease in their numbers. 

Perhaps one of the most remarkable experiments 
that have thus far been carried out with the lower 
forms of life is that of Professor Woodruff of Yale, 
with the slipper animalcule, the protozoan Para- 
mecium. WNoodruff began his pedigreed culture from 
a wild individual on May 1, 1907. They repro- 
duce by simple division about three times in forty- 
eight hours, so that by May, 1912, they had reached 
2,945 generations, with a potential bulk of proto- 
plasm ten thousand times that of the earth. And 
the individual is on the verge of invisibility! It 
has been further calculated that at the nine-thou- 
sandth generation—and they have passed that to-day, 
for they average some six hundred plus a year—the 
resultant protoplasmic mass would exceed the con- 
fines of our universe and would be extending into 
space with the rapidity of light! - 

Thomson thus sums it up: “Life is like a stream 
that is continually tending to overflow its banks— 
a slight change of -conditions, and plagues arise, as 
there is great competition for food and space!” 
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Struggle for Existence 


The check upon the increase of these untold poten- 
tial millions is known as the struggle for existence. 
It is the result of competition for food, safety, and 
for procreation which insures racial safety and is 
fully as strong an instinct as are the other two, but 
more rarely manifest, occurring either seasonably 
for a while after maturity or but once in a lifetime. 
The struggle. is a threefold one, either against the 
physical environment or against individuals of the 
same species or those of other species; briefly, en- 
vironmental, intra-specific, and inter-specific. 

Environmental Struggle.—This sums up the nat- 
ural perils by land and by water and leaves out of 
consideration the biotic contacts. It may be climatic 
and include degree of moisture and temperature. 
Thus, in a period of prolonged drought, water pools 
may dry up completely. Many lower forms by a 
special protective envelope can resist this desiccation, 
sometimes for a period of years, but even then unfor- 
tunates are apt to perish and only the fitter survive. 
An instance is recorded in the island of Marajé at 
the mouth of the Amazon, where, owing to pro- 
longed drought, the normal water supply in swamps 
and lakes caused a wholesale migration of alligators 
overland in their search for a suitable habitat, and 
no fewer than eighty-five hundred dead were found 
on one man’s estate, which was literally piled with 
their dead bodies, while more than four thousand 
lay dead at the end of Lake Arary.* Such exam- 
ples are pathetically common. Excessive rainfall 

1 Gadow, 1909, p. 447. 
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will drown animals out of their burrows, or, by 
increasing greatly certain aspects of the biotic en- 
vironment, react in this indirect way on animal life. 
Choking vegetation may result, or an insect increase 
with a corresponding increase of insect-carried disease. 

Of temperature, cold is probably more devastating 
than heat; the latter, especially in regions of strong 
sunshine, has certainly reacted upon man, particu- 
larly of the fairer races, which have migrated out of 
the climate to which they were normally adapted. 

River floods, caused by abundant rainfall, take 
their toll of animal as well as human lives. By far 
the greater number of terrestrial vertebrates which 
we know as fossils are found in river flood plains, 
which shows how high a mortality resulted from 
drowning accidents in the past. The loss of life on 
the part of the Chinese during the floods of their 
great rivers is often appalling. 

Tidal waves, so called, really not the result of 
tidal action so much as some submarine earthquake 
or crustal movement, have taken tremendous toll, 
especially of human lives, and the flooding of a 
fresh-water pond by marine waters, either by a tidal 
wave or by excessively high true tides aided by strong 
winds, will result in the destruction of practically 
all of the animals within. Doctor Patten * found a 
bed of Devonian time filled with specimens of the 
armored “fish,” Bothriolepis, all at the same level 
and all heading the same way, so that their death 
must have been almost simultaneous. It can most 
readily be explained by some such physical catas- 
trophe as this. Patten’s assumption is that there was 


1 Patten, 1912, p. 377. 
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“a small seashore pool or inlet, in which shallow- 
water plants were growing. It was either invaded 
at periods of exceptionally high tides by salt water 
that carried with it many fishes and ostracoderms, 
or it was from time to time cut off from the main 
body of water by shifting sandbars, or by similar 
causes. In either case, the animals trapped in the 
inclosures soon died from the effects of foul or 
superheated waters, and were shortly afterward cov- 
ered up and preserved by the shifting beach sands of 
another invasion.” 

The destruction of Messina and Reggio on the 
Straits of Messina, between Italy and Sicily, was the 
result of a combination of both direct earthquake and 
tidal wave, and resulted in the loss of forty-seven 
thousand human lives. The Galveston flood, on 
the other hand, was caused by a combination of 
spring tides and a southeast storm, which piled up 
the waters of the Gulf until they overwhelmed the 
low sea wall of that time and the city as well, with 
a loss of five thousand lives. 

Volcanic eruption, both directly and indirectly, may 
cause great destruction, as through the effects of the 
explosion of Krakatoa in 1883, which drove the 
waters in the form of the usual tidal waves with a 
loss of thirty-six thousand souls. Pompeii, over- 
whelmed by ash from Vesuvius in a.p. 79, lost both 
human and animal inhabitants, of whom a thousand 
or more victims have already been discovered; while 
the destruction of St. Pierre in 1902 by gases from 
Mt. Pelée left but a single survivor in a town of 
twenty-eight thousand inhabitants. The most recent 
and in many ways the most appalling of these visita- 
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tions is the great Japanese earthquake of September 
Ist, 1923. The periodical Time for October 15, 
1923, gives the following figures of the Japanese 
Foreign Office: Killed, 103,000; injured, 125,000; 
missing, 235,000; total casualties, 463,000; houses 
destroyed, 634,000. As a direct result the popula- 
tion of Tokyo decreased from 2,498,000 to 1,430,- 
000 souls. 

The countless minor tragedies that assail animate 
nature, including prairie and forest fires ignited by 
natural causes, such as lightning itself, fortunately 
very seldom in proportion to its frequency of occur- 
rence, can hardly be recorded here,* but the sum 
total of their destructive cffects must be very great. 

Intra-specific Struggle.—This is in many ways the 
most bitter because of the closeness of competition, 
for, manifestly, the needs of similar organisms, both 
animal and plant, must be the same. The “thinning 
out” of plants, such as young forest trees, is caused 
by certain of them having reached so great a growth 
that the crown of leaves above and the spreading 
roots below shut off their less vigorous relatives from 
light, air, food, and water. 

The strife among pugnacious males for the privi- 
lege of mating is another instance of the intra-specific 
struggle, but it is of less importance when the sexes 
are fairly balanced, as they are among higher forms, 
and polygamy does not prevail. The result of this 


1 At first sight it would hardly seem possible that oceanic winds could 
seriously react upon marine life, other than by occasional casualty due to 
wave action, especially in the surf. But strong winds do affect surface 
currents to such an extent that occasionally the colder shore waters, of New 
England for instance, are deflected out to sea to mingle with the warmer off- 
shore waters. Such an event occurred in 1882, with a resultant widespread 
destruction of fishes and other pelagic life. 
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struggle is one aspect of sexual selection, according 
to Darwin’s earlier belief, but is perhaps, after all, 
merely a phase of natural selection. 

In human warfare this intra-specific struggle is 
greatly emphasized. It is extremely doubtful 
whether, as yet, there is any real need of such a 
struggle on the part of humanity, and its results are 
always of anti-selection value, for it is the fitter who 
are destroyed, and, as the weaker are left to carry 
on the race, the result is certainly detrimental. Such 
a struggle is conceivable, however, as the earth ap- 
proaches a state of saturation from the aspect of its 
human population, however much we may deplore it. 
We have already noted the imminence of such satu- 
ration. Cannibalistic selection is said to be rife 
among the numberless Crustacea of Lake Titicaca 
in Bolivia, where there are so few sorts that they 
needs must eat one another for food. Mankind, in spite 
of the occasional tribal occurrence of this frightful 
custom, has perhaps been rarely driven to it through 
need, but rather does he hope thereby to gain some- 
thing of the physical and spiritual prowess of his 
victim, a motive which would never prompt a lower 
animal. 

Offset against the intra-specific struggle is the 
mutual aid and interdependence, shown so largely 
among gregarious and communal (social) animals; 
while on the part of some gregarious animals, such 
as the ungulates, there must be a certain competition, 
for the pasturage sufficient for tens will be surely 
crowded by hundreds, with scantier rations for the 
individual. With almost all of these creatures there 
is also competition for mastery in mating. Over 
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against this the mutual aid is often apparent, the 
huddling for warmth in a snowstorm and‘the organ- 
ization for defense against wolves or other preda- 
cious creatures. 

The organization of the social insects, ants and 
bees especially, results in an utter submergence of 
self for the good of the society. As Darwin said, 
“Those communities which included the greatest 
number of the most sympathetic members would 
flourish best and produce the greatest number of off- 
spring,” but he never learned what are the natural 
checks on overproduction. 

Devices for the care of young are sometimes of 
a very high character; the reverse of this is also true, 
for there may be none at all, but a callous unconcern, 
as when the egg-laying function has been fulfilled, 
notably among the modern fishes, which produce 
such tremendous numbers of eggs. With the so- 
called lower fishes, sharks and chimeroids, not only 
is there internal impregnation of the relatively few 
eges, which insures a higher percentage of fertiliza- 
tion, but also, by bringing forth the young alive, or 
by the splendidly eden ege capsules, some of 
which show very good camouflage, the number of 
actual survivals must be greatly increased. At all 
events, the actual egg mortality does not compare 
with that of the higher fishes, but the number of 
surviving young must be the same. 

Inter-specific Struggle.-—This is the struggle the 
world over between the different forms of life. To 
a certain extent there is rivalry and competition, but 
not to so great an extent as in the intra-specific. The _ 
strife is mainly due to food requirements, one animal 
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preying upon another directly or upon plant food. 
In the former case the destruction of the victim is 
complete, in the latter rarely so; nevertheless, even 
plants must make good their losses or the animals 
would perish, in their turn. 

Competition between unlike forms may be due to 
the need of the same plant food; thus, it is conceiv- 
able that rabbits, whose rapidity of multiplication is 
proverbial, could by their destruction of the herbage 
so reduce the food supply of the mastodons of a 
given region that the latter would find sustenance 
so difficult of attainment that they could not hold 
their own (Morris).* Goats introduced by Portu- 
guese settlers in the island of Saint Helena have, by 
their browsing on shrubbery and young trees, utterly 
destroyed the forests with which the island was for- 
merly clothed.” I do not know what forest-dwelling 
types formerly lived there, but their endurance of 
such a complete change of environment is hardly to 
be expected. 

In the sea particularly the struggle is ofttimes des- 
perate. Many forms of fishes, at any rate in season, 
feed almost exclusively on the eggs of others, and 
the strife between the squids and their allies, on the 
one hand, and the fishes, on the other, has endured 
since Devonian time. On the coast of Scandinavia, 
where the herrings run in immense schools, it is said 
that they are chased inshore by the squids with such 
eagerness that the latter actually beach themselves 
in great numbers to their own destruction. Upon the 
squids, in their turn, feed not alone the greater fishes, 
such as the cod, but also the Cetacea, porpoises, and 


1In Osborn, 1906, p. 839. 2 Wallace, 1880, pp. 280, 283-286. 
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dolphins, and especially the great sperm, whale or 
cachalot. This creature dives to a considerable depth 
to capture the giant squid, which is almost never 
seen at the surface, except when dead or dying. 
Much of our knowledge of these great cephalopods 
comes to us as a curious by-product of the sperm- 
whale fisheries, for the whale, in its dying flurry, is 
apt to regurgitate the stomach contents, consisting 
of more or less injured specimens of these mighty 
molluscs. Ambergris, one of the most precious prod- 
ucts of this industry, is an intestinal secretion caused 
by the irritation of the squid and cuttlefish beaks. 
The ichthyosaurs, the reptilian “porpoises” of the 
Mesozoic, had a similar feeding habit, judging from 
their preserved rejectamenta. The baleen, or whale- 
bone whales, on the other hand, feed upon what 
the whaleman calls “brit,” consisting largely of 
pelagic molluscs, pteropods or sea butterflies, thou- 
sands of which must be sacrificed for a single meal, 
and it is difficult to see how any element other than 
chance can possibly determine survival among them, 
when this particular source of destruction is con- 
sidered. Even man himself is not aloof from this 
inter-specific struggle. His own destruction of other 
organisms for food and the ingenuity of his means 
of slaying, which far exceed those of any other form 
of life, make him the most terrible carnivorous ani- 
mal the world has ever seen. Add to this the wanton 
and wholly inexcusable cruelty of, Dame Fashion, 
who needs must rob the fur-bearing animals of their 
own coats, not entirely for the protection against 
the cold, as summer furs are not worn for that, but 
merely for caprice. Some of the figures from the 
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fur markets are appalling, and, as Osborn and 
Anthony have shown, the Age of Mammals is being 
rapidly drawn to its conclusion." Fifty years more 
will see man standing alone, surrounded merely by 
such domestic or other animals as he may cherish, 
but the remainder will be extinct, and generally this 
precious heritage of all men is being destroyed for 
the enrichment or adornment of a very few, as 
compared with the bulk of humanity. The organ- 
isms that prey upon mankind are, in their turn, 
numerous. One has but to review in his mind the 
sufferings and death brought annually to thousands 
of human beings by the so-called germ diseases— 
malaria, now fortunately lessening in the northern 
part of our land, but still in its various forms one 
of the most destructive; yellow fever, now largely 
controlled by the sanitation methods of General 
Gorgas; bubonic plague; leprosy; and many others. 
Man is also subject to the assaults of larger animals. 
Individual cases are continually appearing in the 
newspapers of loss of life from the attacks of wild 
animals, but nowhere are exact figures obtainable so 
readily as in India, one of the oldest places of human 
habitation on our globe, yet one where the inter- 
specific struggle after all these years is still very 
great. The following figures are obtained from the 
Home Department of the Government of India for 
1922: Men killed by snakes numbered 20,090; by 
tigers, 1,603; by leopards, 509; by wolves, 460; by 
bears, 105; by elephants, 55; by hyznas, 9; by wild 
pigs, 90; by crocodiles, 225; by other animals, 207; 
totaling 23,353. R.L. Ditmars, who is greatly inter- 
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ested in the science of poisons, with especial reference 
to the combating of snake venom by serums, says 
that previous to the Great War the destruction of 
man by serpents had fallen off, due to the use of the 
serums, but, owing to the natural difficulties of sup- 
plying the antitoxin during the war, the number of 
deaths has increased again materially. Over against 
this destruction of human life there is written on 
the other page of the ledger the numbers of animals 
destroyed by mankind in the same period, totaling 
23,268, in addition to 58,370 snakes, showing that, 
as usual, man, even the native man of India, gets 
the better of animate nature. 

But this organized warfare is by no means exclu- 
sively confined to man and his enemies. Witness 
the furious battles waged between different kinds 
of ants, with the return of the victors laden with 
their sanguinary spoils—those between the termites, 
or white ants, and the true ants, all of which simulate 
human warfare in a very real way. 

It is because of this tremendous and world-wide 
struggle that natural selection is the outcome, but 
natural selection and the struggle for existence are 
not the same, although the first would not occur 
without the second. On the other hand, the struggle 
can and does exist without selection. As Thomson 
says, plague entering a household may take all but 
a single survivor, but his survival is due perhaps to his 
personal variation, in that he has greater power to 
resist the disease and not because of any struggle or 
even competition with the less fortunate of his fami- 
ily. In fact, the reverse will prove true in the vast 
majority of cases, and a splendid example be shown 
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of the spirit of self-sacrifice, without its resulting in 
the extreme renunciation. As we have shown, in 
the case of the prey of the Greenland whale, chance, 
not fitness, determines survival. The same would 
be true of rabbits crowding into a burrow; the last, 
not necessarily the feeblest, is caught by the pursuing 
dog. As Thomson’ says again, “The barbarous prov- 
erb Lupus lupo lupus was invented by Man as an 
excuse for his own unnatural behavior, and there is 
much better biology in Kipling’s Jungle Books.” 


1 Thomson, 1920, p. 301. 


CHAPTER IV 
SELECTION 


Tue struggle for existence leads to selection, 
which, in its turn, reacts upon fitness for survival— 
that is, adjustment to the environmental needs which, 
in a measure, enforce selection. But fitness for 
survival does not always imply the best organism 
from our human point of view, for betterment sim- 
ply has reference to peculiar environmental stand- 
ards and, in the case of parasites, may result in a 
degree of degenerative adaptation which seems to 
be utter abasement. With the more strenuous free- 
living forms, on the other hand, a better organism 
is often evolved compatible with our highest ethical 
and esthetic standards. Neither, however, can be 
said to be the more efficient, judged solely by the 
needs which the organism fulfills. Parasitism seems 
to be fully as highly successful a mode of life as 
does that of the free-living form, if, as we are told, 
at least half the animal species are parasitic during 
some portion of their career. We have already seen, 
however, that the degree of degeneracy varies 
greatly. Especially is this so when the creature is 
parasitic in its adult condition. 

The result of selection on the average is the sur- 
vival of the fitter among the individuals of the 
species to a breeding age. Should destruction occur 
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before this time, there is no chance of the qualities 
which make for betterment being passed on to off- 
spring. 

The several subordinate factors which react to 
produce evolutionary advancement will be now dis- 
cussed, and the first of these is omnipresent 


Variation 


This is the progressive factor and may be said 
to be the prime mover in evolution, as well as in the 
development of the individual. There is no doubt 
in the minds of observant people that variation oc- 
curs; in fact, the difficulty of finding two objects in 
the organic world precisely the same in all details 
is seemingly insurmountable. All variations, of 
course, have their origin in the individual, but not 
all of them can be considered evolutionary, unless 
they are of a sort that can be handed down to off- 
spring. For evolution is racial, not individual; hence 
the variation must be such as will persist, for a while 
at least. 

We must, therefore, inquire into the sorts of vari- 
ations to determine their possible value as evolution- 
ary factors. They fall in general into three groups 
of contrasting sorts—congenital or acquired, continu- 
ous or discontinuous, determinate or indeterminate. 
The given variation belongs in each of the three 
groups, but must be either one or the other of the 
contrasting sorts within the group, as they are mutu- 
ally exclusive. 

First, as to the nature or cause of their occurrence. 
We speak of variations as germinal or congenital, 
terms which have been used synonymously, although 
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the latter is not strictly in accord with the first. These 
are the intrinsic variations, due to some change within 
the germ plasm itself, and not to any external cause 
whatsoever. They do not appear, of course, until 
the appropriate age is reached, for obviously, if they 
are Variations pertaining to adult condition, such as 
full stature, the beard, loss of hair, precocity, fecun- 
dity, they cannot very well be manifest until the 
adult condition is reached. They are, nevertheless, 
as it were, foreordained, and will come to pass in 
the fullness of time, if the organism survives, unless 
their normal appearance is inhibited by some acquired 
characteristic. 

The acquired variations are those due to external 
or environmental influences which have reacted upon 
the organism during its lifetime. They are extrinsic 
and, so far as we know, have no part in the heritage 
of the race. Mutilation, the result of injury or 
disease, that of abundance or scarcity of food, and 
the thousand other influences the environment brings 
to bear upon the individual, are all of this nature. 
Often it 1s extremely difficult to determine, other 
than by actual experimentation, whether a variation 
is germinal or acquired, and it is conceivably possible, 
although difficult to prove, that one of the former 
may arise simultaneously with the latter, and thus, 
being heritable, constitute an apparent instance of 
the inheritance of an acquired character. Such Osborn 
has called coincident variations. Thus for several 
generations a naturally fair family of individuals 
grow dark by the tanning effect of the tropical sun 
and are thus protected against sunstroke, but without 
the sun’s influence each would have remained fair 
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throughout life. Manifestly the tanning is an ac- 
quired character and serves as a screen until a 
swarthy individual is born into the family as a ger- 
minal variant. Thereafter the offspring may con- 
tinue swarthy, whether exposed to the sun’s rays or 
not, for the inherent character is heritable. 

Again, the variations differ intrinsically in that 
they may be continuous, small, insignificant, but, as 
between individuals, numerous, hence quantitative 
rather than qualitative. These sorts are by far the 
commonest variations which occur, and, if they are 
also germinal, constitute the most important varia- 
tions of all from a selectionist’s standpoint, for 
nature’s balance is so delicately poised that a very 
slight variation may determine the organism’s 
chances for survival. Over against these are the 
large, relatively rare sort, which De Vries mistak- 
enly called mutations, a word which had been used 
in another sense by the German paleontologist 
Waagen in 1869. For De Vriesian mutations are 
contemporaneous and may occur among individuals 
of a single generation, while those of Waagen are 
never so, but are the changes wrought in species in 
a single line of descent, through passage of time. De 
Vriesian mutations are also called saltations and are 
qualitative in character. The slight variations shown 
by our common starfish—of color, length, and width 
of rays, of general size, etc.—are continuous varia- 
tions, for a number of specimens would show gradu- 
ations merging into another. When, on the contrary, 
one sees a six- or seven-rayed star—and they do in- 
frequently occur—the variation is a discontinuous 
one. These mutations, according to De Vries and 


SELECTION 8I 


not the others, are the all-important enes in evolu- 
tion, and he claims that new varieties and even species 
arise in this way by sudden saltations—the mutation- 
ist theory. 

The third group of variations has to do with the 
direction of occurrence, whether fortuitous or at 
random, occurring in any conceivable direction of 
change, controlled by no law whatever, such being 
called indeterminate; or occurring in definite series, 
usually in an adaptive direction and controlled by 
some unknown law. The latter are known as deter- 
minate or orthogenetic—z.e., straight production— 
variations. ‘These seem to occur, but it is sometimes 
dificult to distinguish between orthogenesis and 
orthoselection. The middle toe of the ancestral 
horses increases continually in length and strength, 
while the lateral ones degenerate. While selection 
would doubtless account for the strengthening of 
the median toe and the cessation of selection for the 
failure of the lateral toes to remain efficient when 
they were useless, it is doubtful whether selection 
could possibly be invoked to account for their degen- 
eracy to the extent seen in the modern horse, unless 
their presence, in whatever degree they might appear, 
would be a disadvantageous handicap, in which event 
the reversal of the direction of selection would suffice 
for their elimination. There can really be no selec- 
tion other than orthoselection so long as conditions 
remain the same. Whether orthogenesis occurs 1s 
open to question, but seems highly probable. Re- 
corded color changes extending over a number of 
generations, the predictable growth of horns in fossil 
species, the regular appearance of tooth cusps, the 
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convergent or parallel evolution of tooth patterns in 
unrelated animals which cannot be the result of use, 
as they are formed before extrusion from the gums, 
all of these seem to be instances of orthogenesis. 
Osborn and others believe these orthogenetic varia- 
tions to be a very real evolutionary factor, whereas 
the Darwinian school make the most of the indeter- 
minate, which, if they are also continuous and germi- 
nal, are all that they consider necessary to initiate 
evolutionary change. The others, on the contrary, 
they claim to be of less value, the acquired because 
they are probably not heritable, the discontinuous be- 
cause they are too rare, and the determinate because 
they may not occur at all. 

Causes of Variations —The causes of variations are 
of fundamental importance, for, if variation itself 
is the prime mover of evolution, the causes thereof 
are the basic sources of all the marvelous mutations 
of nature. The causes of acquired variations prob- 
ably do not concern us; they are not, so far as we 
know, evolutional and, furthermore, they are gen- 
erally quite apparent. It is with the germinal or 
intrinsic variations that we are concerned, for which 
at least five possible causes have been postulated. 

First. There isthe inherent tendency to vary. This 
does not, however, state the cause, but merely the fact, 
and, so far as an investigation into causes is con- 
cerned, merely begs the question. It may perhaps 
be stated best in the reverse way, as it is not so much 
the inherent tendency to vary as the utter impossi- 
bility for two organisms, with their almost infinite 
complication of structure, to be exactly alike. Mr. 
Bryan scouts the possibility of change, for he says 


SELECTION 83 


that water has not changed in any degree since it 
was first formed; why, therefore, should organic 
life? He loses sight of the great simplicity of the 
water molecule, as compared with that of proto- 
plasm; the former containing but two elements in 
but three atoms which are not susceptible of any 
markedly different combinations, while the latter has 
possibly eightfold more elements and a thousandfold 
more atoms to each molecule, held in an atomic 
structure so intricate that the chemist has not yet 
learned to picture it graphically, as he can readily do 
for the simpler compound. With so complex a sub- 
stance the exact chemical correspondence of any two 
molecules is only remotely possible, and the organ- 
ism, however simple, is composed of many such 
varying molecules and can hardly coincide with any 
other, especially as protoplasm is in a continuous 
state of chemical change, due to metabolism. Water, 
in common with most inorganic substances, 1s change- 
less with time. Organisms are plastic; they are 
characterized by continuous energy traffic. If the 
given organism is subject to continual change, how 
again can any two be expected to coincide at every 
point? The amazing thing about it all is not that 
they differ, but that they are so much alike! 

Second. Dual or biparental parentage has been 
given as the principal cause of variation. In fact, 
there are those who claim that dual parentage has 
been established in the organic realm for this reason 
alone. Union, or conjugation, of like cells, charac- 
teristic of unicellular forms, with the exchange of 
nuclear material, and of unlike or sex-differentiated 
cells to form the initial cell of the higher type, is 
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so universal that it evidently performs a very impor- 
tant function, but whether the inducement of varia- 
tion is the prime reason for this cellular union, or 
merely a secondary, but highly valuable, function, 
is not so clear. 

It is at once evident, however, that conjugation 
must be a potent cause of variation, for, if no two 
parents are precisely similar, the offspring, from the 
nature of things, cannot be a perfect replica of each, 
but must either resemble the one to the exclusion 
of the other or show a combination or mosaic of both. 
Under certain circumstances, however, such a com- 
bination may lead to new and entirely unexpected 
results. The explanation of this phenomenon has 
been made clear by the following illustration. The 
vehicle of heredity lies in the chromatin part of the 
protoplasm, of the ae cells (see below, p. 89), 
which is an extremely intricate material, possessing 
genes, as they are called, a pair for every unit char- 
acter of inheritance, as for the color of eyes; and 
often the genes are of a contrasting sort, as one 
for brown eyes and one for blue. Previous to con- 
jugation the two germ cells undergo a process where- 
by the number of genes is halved, the discarded 
portion of the chromatin passing into the first polar 
globule, as it is called, which is merely an aborted 
ovum, or into a second sperm, as the case may be. 
This has been likened to the most elaborate shuffling 
of a miniature pack of cards, one-half of which is 
discarded. The same thing being done with a second 
pack, the retained halves are then united to form a 
new pack. Actual calculation shows that this may be 
done millions of times without producing exactly the 
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same combination of cards a second time. But of 
cards there are but fifty-two in a pack, and of genes 
an unknown number, but one many times as great, 
which increases the number of possible combinations 
by just so much, whatever: it may be. 

Third. Actual observation shows us, however, 
that variation is not confined to those forms which 
are derived from two parents. It also occurs where 
the offspring comes from an unfertilized egg pro- 
duced by a virgin mother without the intervention of 
the male. But even here the same discarding of 
half the pack occurs in the maturation of the ovum, 
in which the abortive polar globule is formed and 
comes to nothing. It can readily be seen, however, 
that even here the genes retained in the fruitful 
ovum can vary in combination very greatly. Virgin 
production occurs largely among insects and crusta- 
ceans where there is need during the growing season 
to increase numbers rapidly from comparatively few 
winter eggs or a few surviving females. Under 
normal conditions true sexed individuals appear in 
the fall and pair for the production of the winter 
egos, thus keeping up the stamina of the race. Of 
certain scale insects females only have been under 
observation in greenhouses for nearly a century with- 
out the appearance of a single male. In the pedi- 
greed Paramecium cultures Woodruff and Erdmann* 
have observed a periodical disorganization and re- 
organization of the nuclear apparatus which seems 
to serve the purpose of ordinary conjugation as far 
as rejuvenescence is concerned. It is possible that 
rearrangement may occur during this process sufhi- 


1 Woodruff and Erdmann, 1914. 
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cient to account for the slight range of variation 
observable in these ancient and somewhat stereo- 
typed forms. Protozoa have given rise to more 
complex animals in the distant past as a result of 
evolutionary change. To-day they no longer seem 
able to do so, as no new phyla of animals have 
arisen, apparently, since the beginning of the 
Paleozoic. 

Fourth. Yet another means of accounting for vari- 
ations is that they are due to the influence of the 
ever-changing environment upon the germ-producing 
individual. The possibility of such a thing, how- 
ever, is denied by the stricter followers of Weis- 
mann’s theory of heredity (see below), who claim 
for the germ cells absolute insulation from all out- 
side influences, at any rate in the higher animals and 
plants. 

Fifth. A new line of research, which seems des- 
tined to throw a great flood of light on the study 
of evolutionary causes, is that upon the so-called 
ductless or endocrine glands. These do not form 
secretions in the sense of the salivary and other 
digestive glands or those of the skin, but are con- 
nected only by the blood stream, into which the 
chemical messengers or hormones which they manu- 
facture are poured. These glands are the thymus 
and thyroid of the throat, the spleen, suprarenal cap- 
sules or adrenals, lying in the abdominal cavity, the 
interstitial glands connected with the germ-producing 
organs, the testes, and the pituitary and pineal bodies 
in the brain. The hormones they thus produce are 
carried everywhere by the blood and are picked up 
by the appropriate organs to which they are in a 
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sense addressed. They pass through the reproductive 
glands as readily as elsewhere, and it is reasonable 
to suppose that certain of the hormones, at any rate, 
may in some way affect the germ cells themselves. 
Certainly it is known that abnormality of the pitui- 
tary and pineal bodies interferes with sexual char- 
acters materially, which may be experimentally 
inhibited or accelerated in development, as the case 


may be. 
Heredity 


Heredity is the rule of persistence among organ- 
isms. It has been defined as either the force which 
compels the offspring to resemble their parents or 
the process whereby they come to resemble them. 
“It is the organic relation between successive genera- 
tions which secures persistence of characteristics and 
yet allows new ones to emerge” (Thomson). 

Heredity is the conservative factor in evolution, 
opposing the tendency to vary, but it is just as essen- 
tial as is the latter. For without variation no change 
could occur and all organisms would be exactly sim- 
ilar; without heredity, no adaptation, no matter how 
advantageous, could be handed down to the next 
generation, and no two organisms could possibly be 
alike. There is what is known as social heritage, 
as well as natural inheritance. The latter is that 
with which we are concerned, for it alone is handed 
down by germ cells, the other by tradition or imita- 
tion. No intelligent person to-day seriously doubts 
the truth of heredity. It is an abundantly proven 
fact. There is room for debate, however, concerning 
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the means whereby the heredity is transmitted and 
the laws governing such inheritance. 


Mechanism of Heredity 


Several ideas concerning the mechanism of hered- 
ity follow, certain of which are now discredited and 
have merely a historic interest in the development 
of our science. They are: 

1. The emboitement, or encasement theory, that 
all living things were produced from germs which 
pre-existed, that of each generation being incased 
within the preceding one, back to the beginning, like 
a series of Chinese boxes. It is hardly necessary to 
add that this belief is entirely obsolete. 

2. Darwin’s pangenesis theory of heredity postu- 
lated the production of tiny “gemmules” given off 
by every cell of every tissue and organ of the body. 
These, carried by the blood stream, congregated in 
the reproductive organs, where they formed a minia- 
ture replica of the entire body, complete to the last 
detail, and this miniature gave rise to the embryo, 
which developed into the offspring. It will at once 
be seen that this permitted acquired characteristics 
to be handed down to offspring, which was within 
the scope of Darwin’s conception. It is difficult to 
see how a mutilation of the body, such as the loss 
of a limb, if it occurred prior to the formation of the 
gemmules, could fail to be impressed upon the next 
generation, for they could not arise from missing 
cells. By the process of cumulation, sooner or later, 
the race would be mutilated beyond the possibility 
of existence. 

3. Weismann’s germ-plasm theory. Weismann 
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believed in the sharp demarcation between the germ 
plasm and somatoplasm, the latter being the mortal 
protoplasm which made up all of the body cells, 
whereas the germ plasm was the potentially immor- 
tal part, which alone could be handed down to off- 
spring, the two being sister products from the origi- 
nal germ; that at the beginning of the individual 
development a portion of the germ plasm was set 
apart to be passed on to future generations, the re- 
mainder giving rise to the somatoplasm of the body. 
But the latter only could become modified by ex- 
ternal conditions of environment, the germ plasm 
being entirely isolated from the outside world. This 
most effectually excluded any acquired characters 
from the inheritance whatever. Weismann believed 
however, that in unicellular organisms and certain 
of the lower animals and plants such could be 
handed down, but not in the higher. It is difficult 
to see why so valuable an asset as the results of indi- 
vidual experience should be eliminated from the 
inheritance, and we are not, on the whole, sure that 
such has been the case. In other words, the germ 
plasm, while undoubtedly the vehicle of inheritance, 
is probably not so thoroughly insulated from external 
influence as Weismann supposed. Our growing 
knowledge of the ductless-gland secretions, men- 
tioned above, is beginning to show the way in which 
such isolation might be violated. 

Certain relatively high animals; as the moss ani- 
mals and the clam worm, have periodically appearing 
reproductive organs derived from apparent body 
cells. A begonia leaf, or even a portion of one, 
planted in damp sand, not only reproduces root, 
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stem, and leaves, but blossoms and germ plasm as 
well, showing that‘one of two things is true—either 
the germ plasm is distributed throughout the entire 
plant, leaves and all, or the germ plasm can actually 
be formed from the somatoplasm. 

The cutting of an earthworm in two may result in 
either end reproducing the missing portion, so that 
two complete worms are formed. The reproductive 
bodies lie in certain segments in the forward half 
of the worm. The after part, therefore, despite the 
fact that it apparently possesses no germ-plasm, can, 
nevertheless, regenerate the germ cells. Further- 
more, the anterior portion is regenerated with all 
of the hereditary characters of the species, which 
implies that, as the cut may be made almost anywhere 
in the worm’s length, any cell of the worm’s body 
possesses the hereditary vehicles, the genes or deter- 
minants, not only for itself, but for all other cells 
in the animal. 

Osborn is of the opinion, in which biologists thor- 
oughly agree, that the “causes [of germ evolution] 
are internal-external rather than purely internal— 
in other words, that some kind of relation exists be- 
tween the actions, reactions, and interactions of the 
germ of the organism, and of the environment.” 

Latent and Dominant Characters —Not all char- 
acteristics which are inherited are visible in the off- 
spring, for some are latent, so far as bodily mani- 
festations are concerned, and lie dormant in the germ 
plasm, to reappear in a later generation. Sex-linked 
characters, such as the beard of man, are naturally 
passed through the inappropriate sex unseen. They 
are, nevertheless, very real in heredity. Yet other 
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characters, which have no sex significance, are sup- 
pressed because the inheritance also carries with it a 
dominant contrasting character which masks, as it 
were, the latent one—that is, if, as generally hap- 
pens, they are mutually exclusive. Thus in guinea 
pigs the black coat is dominant over white, and a 
rough one over smooth, so that cross-bred offspring 
will show only the black rough coat in the first gen- 
eration, as the dominant features alone appear in the 
body of the animal. A gray or piebald coat is con- 
ceivable when a blend of characters appears. 

A remarkable case of inheritance occurred in the 
trotting stallion Arion, foaled in 1889. This horse 
made a record of two minutes ten and a half seconds 
for the mile as a two-year-old. That was with a 
high-wheeled sulky. The invention of the pneu- 
matic-tired sulky enabled him to make it in two 
seven and a half. He was afterward sold for 
$125,000, at that time a record price, to be used 
as a sire and establish a line of trotters worthy of 
his name. But not one of his children showed speed 
at all, and he was considered a freak by horse 
fanciers. The strange thing, however, was that 
his grandchildren showed once more the speed quali- 
ties of their grandsire, and there were in I9II no 
fewer than twelve of his descendants with speeds of 
two thirty or better. The desirable trait lay dormant 
for a single generation, to reappear as a dominant 
characteristic in later descendants. 

This leads us to the phenomenon known as ata- 
vism, comparable to that shown in Arion’s line, but 
by the definition the character should lie dormant, 
not for a single, but for many, generations, to re- 
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appear at a much later time. Genuine cases of ata- 
vism are on record, their chief interest to us being 
their historic character, in that they bring to light 
past structures and functions of evolutionary signifi- 
cance. There is no doubt, however, that certain 
phenomena coming under the head of monsters or 
unfortunate abnormalities, are sometimes confused 
with true atavism. Such, for example, are the occa- 
sional occurrences of supernumerary digits in the 
horse, which Professor Marsh considered throw- 
backs to the polydactyl ancestral horses of earlier 
geologic time, but which seem in every way com- 
parable to six-fingered men and multitoed cats, 
neither of which have any evolutionary significance. 
The various laws of heredity, Galton’s law of inherit- 
ance, and Mendelism will not be discussed here, as 
they are not pertinent to our argument. They are, 
however, very clearly set forth in many text-books, 
such as Shull, Castle, Newman, Woodruff, and Lull. 

Segregation or Isolation——This constitutes a very 
important evolutionary factor, for when new char- 
acters arise through variation it is manifest that they 
might, unless strongly dominant, be swamped in 
random mating. Like forms must breed with like 
to perpetuate these characters, and unlike must not so 
breed, if the characters are to be continued. Isola- 
tion is not, however, an originative factor, but merely 
a condition which aids in keeping newly arising 
strains pure. 

Segregation is of a twofold nature: physical, due 
to some actual material impediment which separates 
the organisms; and biotic, which is sexual incom- 
patibility. 
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Notable instances of physical isolations are known, 
such as in the island of Tahiti. This is an old volcanic 
cone which has been eroded by the action of wind 
and rains into a series of radiating valleys separated 
by precipitous ridges. In these valleys are found 
snails, all presumably of one ancestral stock, but 
which, through years of isolation, now differ in a 
number of details, such as right- or left-hand spiral, 
ornamentation, and the like, so that naturalists, 
such as Crampton,’ who have studied them in detail, 
divide the creatures into a number of varieties, if 
not species, as a partial result of this isolation. 

Biotic segregation may be anatomical, wherein the 
divergence of structure prevents the possibility of 
pairing; or the inhibition may be physiological, when 
the elements refuse to mingle, due to germinal 
differences, and fertilization cannot occur; or an 
offspring may be produced which is in itself infertile, 
as in the familiar mule or the less-well-known tiger 
and lion hybrid. As a rule such crosses probably 
rarely occur in nature, for there is yet another 
barrier, a psychological or instinctive one which 
serves to keep strains pure where the other forms 
of segregation do not exist. These barriers must be 
of great importance in the so-called “origin of spe- 
cies,” to which reference will be made later (p. 106). 


Summary of Evolutionary Factors 
The foremost evolutionary factor in the minds of 
most biologists is natural selection, as Darwin named 
it. It may be defined as the survival of the most fit, 
with the inheritance of those adaptations wherein 
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fitness lies. It acts in the main upon small uncon- 
trolled variations, either eliminating those individuals 
whose adaptations are out of harmony with environ- 
mental needs, allowing others to survive and hand 
down their adaptive variations to their progeny, cr 
selecting the fitter to survive. The first may be 
called lethal, the second reproductive selection. It 
is probable that, while the first is the more potent, 
in most instances the two are combined in the general 
process. Natural selection is a gigantic process of 
trial and error: trial, the form of the innumerable 
variations which are largely the result of chance, 
and error in that so many, for one reason or another, 
seem less fit to survive. As ordinarily interpreted, 
it is essentially materialistic, but to this point of view 
Thomson’ takes marked exception, in that it ignores 
purposive effort on the part of the organism itself. 
He says, “It conceals the heart of the matter, that 
living creatures with a will to live, with an insurgent 
self-assertiveness, with a spirit of adventure, with 
an endeavor after well-being ... do trade with 
time and have commerce with circumstance, as genu- 
ine agents, sharing their own evolution. There is 
abundant room for sympathetic admiration of the 
tactics of Animate Nature, though the strategy may 
—and, for science, must—remain obscure.” 
Mutual aid and chivalry, which are found in hun- 
dreds of instances, especially among gregarious and 
communal species, are generally overlooked factors. 
But the objections to natural selection are not 
solely of an ethical character. It does not seem to 


1 Thomson, 1920, p. 456. 
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be an all-potent factor, because one cannet, by invok- 
ing this factor alone, account: 

First, for the beginnings of organs which in their 
incipient stages are, as we say, not of selection value. 
The structure must by some other means be ad- 
vanced to a condition wherein it is of such moment 
that the organism’s chance of survival may depend 
in part upon it, although undoubtedly the adjust- 
ment to environment is, as 2 rule, so delicate! that 
very little may turn the scale. It is possible that 
a change of function may account for the preliminary 
evolution of a structure, the final use of which 
implies a certain degree of perfection, such, for in- 
stance, as the wings of insects as organs of flight, 
for, manifestly, until they had reached a certain 
degree of size, they could hardly have served the 
purpose of sustaining the animal in the air. It is 
inferred, therefore, that previous to their use in 
aérial flight they may have served the aquatic for- 
bears, either as external gills or as the vibratory 
gill-covers still to be seen in certain young, such as 
the nymphs of May flies. Another thing explicable 
with difficulty by natural selection is the commence- 
ment of mimicry, which, to be of selection value, 
must be more or less perfect. 

Second, natural selection will not account for over- 
specialization, for it is manifest that, while an organ 
can be brought to the point of perfection by selec- 
tion, it would never be carried to a ¢ondition where 
it is an actual menace to survival. Here there is, 
however, a difference of opinion, for certain authori- 
ties claim that overspecialization does not occur and 
that the apparently overdone organ is still admirably 
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adapted for service. Overspecialization has been 
claimed for the long, keen canine teeth of the saber- 
tooth cat, an interpretation which Matthew’ denies; 
for the huge curling tusks of the extinct American 
elephants, the imperial and Columbian ‘“mam- 
moths”; for the great branching antlers of the ex- 
tinct Irish deer. There are also certain remarkable 
instances among the whales, in one of which but a 
single pair of strap-shaped teeth remains. In some 
instances these teeth grow to such an extent as to 
prevent the animal from fully opening its jaws.” 

Third, natural selection, save in exceptional cir- 
cumstances, will not account for degenerative evo- 
lution. 

There are several ways in which one may explain 
loss or reduction of structures, but two of which are 
concerned with natural selection: 

Reversal of selection, which simply means that 
an organ formerly of high utility, through a change 
of habitat, may even jeopardize survival. A famil- 
iar example is the loss of wings on the part of certain 
beetles inhabiting small oceanic islands. The theory 
is that with the prevailing winds good flight occa- 
sions loss of life, through its possessor being swept 
overboard and drowned, while poorer flyers would 
be more apt to survive. That even this would carry 
the organ to the extent of utter elimination is open 
to question. 

Cessation of selection is supposed to favor de- 
generacy, but, while it is conceivable that a useless 
structure would dwindle when no longer kept up 
to standard by natural selection, it is difficult again 


1 Matthew, 1910. 2 Beddard, 1902, p. 369. 
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to see why this would make for entire loss, any 
more than in the preceding instance. The organ 
would surely be reduced, due to the drain on its 
possessor’s Vitality of a useless structure, but when 
diminished to such point that its presence or absence 
would make no further difference, it would probably 
merely fluctuate about a mean, without further defi- 
nite reduction. Clearly some other factor than nat- 
ural selection is necessary to account for degenerative 
evolution, nor will purposive striving serve. 

Darwin’s factor of sexual selection is the one 
whereby he sought to account for the secondary sex 
characters of animals as being the result of the pre- 
sumptive choice of mates, based upon esthetic or 
other standards, and the consequent cumulative in- 
crease in excellence of offspring in these details 
during successive generations. 

The secondary sex characters are numerous and 
varied, but fall into a number of distinct classes. 
Some of these are or can be the result of natural 
selection; others manifestly cannot, for they may, 
as in the case of the peacock’s gorgeous tail, render 
the creature so conspicuous as to constitute a posi- 
tive menace to survival. The secondary sex char- 
acters are those which serve to distinguish the sexes 
and are other than the reproductive glands and 
organs for procreation and for the nourishment of 
young, for these are the primary sex distinctions. 

In some forms of life there is no apparent sex 
distinction, and a microscopic examination of the 
germ glands themselves alone will betray the sex. 
Again, as in the case of a certain worm of our Atlan- 
tic coast, color distinctions may be seen during the 
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breeding season, the males being bright, rosy red 
and the females.dull grayish chestnut. In yet other 
instances there may be distinct size differentiation, 
as in insects and vertebrates; sometimes the male, 
again the female will be the larger, the male sea 
lion or sea elephant being several times the bulk of 
the female; on the other hand, the female of certain 
spiders and of the sturgeon among fishes exceeds the 
male. There are various brooding and _ pairing 
devices, generally converted structures, such as 
limbs, fins, etc., which formerly subserved a very 
different function. These, however, are necessary 
to racial survival and for them the sexual-selection 
factor need not be invoked. Special structures, such 
as the antlers of the deer and the horn of the nar- 
whal, are male weapons which may or may not be 
used in the combats of rival males for the possession 
of the female. Whether or not the sex-selection 
factor need be used for their explanation depends 
entirely upon one’s definition of sexual selection. 
If presumptive choice on the part of the female is 
postulated, she is in no way responsible for these 
outgrowths, as she is merely the passive reward of 
the victor and has no choice. It is with a number 
of secondary sex characters which make for conspicu- 
ousness without apparent benefit that we are chiefly 
concerned, such as gorgeous coloring and plumage 
of the males of certain birds, especially during the 
breeding season, cries, antics, gestures, and odors, all 
of which would seem to make a special appeal to 
the female through her various senses and thus 
influence her choice of mate. But experiment and 
observation so rarely bear out the assumption of 
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choice, that the sex-selection factor, even if it really 
exists, cannot be of very great importance. These 
conspicuous sex characters are so numerous that the 
real factor or factors which produce them must be 
of very common occurrence, not, as with Darwin’s 
factor, rare. 

Several ideas have been advanced to account for 
these structures. First, the excess of energy in the 
male, as he does not have to bear the drain of pro- 
ducing the more expensive eggs with their store of 
nourishment for the young, or to nourish the young 
before and after birth, as in the mammals. 

Second, the necessity of stimulating the naturally 
coy female. This coyness is evidently a natural 
safeguard against excesses which would be detri- 
mental, not beneficial, to offspring. It also seems 
to serve as a natural check to the impetuousness of 
the male. The latter must possess a strong sexual 
instinct—otherwise he would never surmount some 
of the obstacles to procreation—and a governor of 
some sort seems necessary to serve as a check upon 
this instinct, some of the so-called courtship per- 
formances (great crested grebe) being in the nature 
of a self-exhausting ritual which may not culminate 
in the procreative act at all.’ 

Third, by far the most understandable hypothesis, 
in the light of our growing knowledge, is that these 
otherwise inexplicable characters may be due to 
ductless-gland secretions, especially those of the 
interstitial glands. It is known that emasculation 
of the male, which removes these as well as the 
associated germ-producing glands, prevents the de- 


1 Huxley, J., 1914, and Thomson, 1920, pp. 464-465. 
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velopment of secondary sex characters, the male 
growing to physical maturity, but resembling in gen- 
eral contour and other characteristics the female. 
This is true of deer, cattle, horses, and such familiar 
examples, the antlers and other characteristic male 
insignia remaining undeveloped. 

An old-time hypothesis of evolution, to be dis- 
cussed more in detail in the final chapter, was that 
of Lamarck and of his predecessors, Erasmus Darwin 
and Buffon. They all believed in the inheritance of 
acquired variations, as a matter of course. But they 
did differ in their ideas as to how those variations 
arose. Buffon believed in the direct influence of 
the environment in bringing about changes in the 
animal and plant. Erasmus Darwin thought, on 
the other hand, that they sprang from within, 
through the reaction of the organism to the external 
conditions. This, of course, necessitated the presence 
of some sort of sensitivity on the part of plants as 
well as animals. Lamarck’s theory was a compromise 
between these two beliefs, although his conclusions 
were apparently independently thought out. For 
animals he invoked the indirect, for plants, with 
their lower grade of organization, the direct, influ- 
ence of the environmental conditions. 

Lamarck’s belief was embodied in a number of 
laws which contain much of truth, but certain state- 
ments also at variance with our modern convictions. 
He used, however, rather unfortunate examples to 
illustrate his beliefs, some of which could be twisted 
into ridiculous absurdities, and this was taken advan- 
tage of by his critics. This, his poverty, his blind- 
ness, and, above all, the powerful antagonism of the 
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masterful Cuvier, made him a prophet without honor 
in his own land. His is the most pathetic figure 
in evolutionary history, and it is not yet known 
whether his name will be writ high in the annals of 
our science or forgotten, for the crux of his whole 
belief—that of the possibility of the inheritance of 
acquired variations—seems to be as far from solution 
as ever. 

A number of years ago there arose in America a 
school of evolutionists, headed by the paleontologist 
Cope, who became more or less close followers of 
the teaching of Lamarck. They were known as the 
Neo-Lamarckian school and included particularly the 
paleontologists and pathologists or students of mor- 
bid anatomy. These had so thoroughly impressed upon 
them the wonderful plasticity of the framework of the 
body and the way it is adapted to meet the various 
stresses and strains brought to bear upon it, that they 
very naturally inferred that its structure was the direct 
outcome of those forces acting upon the individual. 
When one contemplates’ the marvelous adaptation 
of the skeleton of a great dinosaur, supported as it 
was by the massive pier-like limbs, its great bodily 
weight suspended between them, and the long, 
mobile neck and tail, the whole spanning a distance 
of some seventy feet and bearing a shifting weight 
of perhaps thirty-five tons, he is struck at once with 
the massiveness of limb bone, on the one hand, and 
the lightness and perfection of detail of the ver- 
tebral column, on the other. In the latter, bone 
is laid down exactly where the apparent strains came 
and is absent where there were none. ‘The result 


1Lull, 1917, p. 184. 
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is a structure of Gothic refinement, with piers, pil- 
lars, and buttresses, a marvel of ingenuity of design, 
such as might have been produced by a highly 
trained bridge engineer. Cope’ advanced the idea 
of mechanical-genesis, the theory that animal struc- 
tures are produced largely through animal motion. 
He saw a lack of harmony between the creature and 
its environment, mechanical-genesis being the result 
of the cffort on the part of the animal to adjust 
itself. Several objections arose in the minds of his 
critics, most of which, even apparently paradoxical 
ones, Cope promptly met. But the chief objection 
still remains that in all cases he was speaking of 
the developmental history of the individual, which, 
while it roughly parallels the racial history, does 
not actually become evolutional until passed on by 
heredity, and we know of no mechanism whereby this 
may be accomplished. It is interesting to note that, 
while the Neo-Lamarckian school contained many 
noted names among scientists of the last generation, 
little has been heard of their teaching since Weis- 
mann set forth his theory of heredity. What the 
reaction of the older naturalists would have been 
one can only conjecture; but it is readily believed 
that it would have modified their teaching. There 
arises, however, a very strong feeling that there 
must be some truth in the theory of mechanical- 
genesis whenever one stands in the presence of these 
mighty creatures of the past. 

The Dutch botanist, Hugo De Vries, is the 
founder of the so-called mutationist school, who be- 
lieve that varieties and even species arise as sudden 
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sports or saltations, the mutations of De Vries (non 
Waagen, vide supra). He observed in the fields 
near Hilversum, not far from Amsterdam, where 
the evening primrose grew, that certain individuals 
differed so markedly from the majority as to con- 
stitute races apart from the normal type, and that 
these individuals when propagated bred true to type, 
thus showing the new forms to be heritable con- 
genital variations from the old. Over a dozen new 
species arising in this manner have been described.* 
De Vries therefore conceived the idea that, instead 
of being a thing of rare occurrence, this was the way 
in which new species (almost) invariably arose, not 
by the cumulation of slow, almost microscopic, 
changes, continuing over a long period of time, the 
survival of which is determined by natural selection. 
He believed, on the contrary, that selection played 
no part at all in the initiation of new species and 
only in a broad way was concerned with descent 
control. De Vries has assembled a considerable 
body of evidence to support his hypothesis and be- 
lieves, moreover, that the fossil record bears him out, 
for rarely, if ever, do we find in the rocks a gradual 
change from one species to its successor recorded. 
On the contrary, it is generally abrupt. There is no 
way of proving, however, that there is not a con- 
siderable time gap between any two specimens found 
in vertical succession in the strata, and it is highly 
probable that many intervening generations are in 
every instance lost for two that are recorded. The 
apparent abrupt passage from one to the next, there- 
fore, has its explanation in the imperfection of the 


1De Vries, 1905. 
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record. Were the record complete, which would, of 
course, mean a series embracing each successive gen- 
eration, it might well be that gradual, and extremely 
gradual, changes only would be recorded. 

Undoubted instances have occurred among men 
and domestic animals and plants of sudden saltations 
appearing in a single individual of such prepotency 
that the characteristics wherein it differed from its 
conspecific allies were impressed upon all, or a large 
percentage, of its descendants. One instance is the 
short-legged sheep, which was born in Massachusetts 
in 1791 and had the virtue of inability to jump 
fences. This animal was the founder of the Ancon 
breed of sheep, which were continued until the in- 
troduction of the much more valuable merino sheep, 
when they were allowed to die out. Another in- 
stance is that of a naturally hornless Hereford bull 
in our West, the sire of the polled Hereford variety 
of cattle. The same thing occurred in Argentina. 
The copper beech and a race of mercantile dwarfs of 
Scotland originated in the same way. Here, again, 
the difficulty seems to be that, so far as observation 
is concerned, this factor is rare, not frequent, and, if 
so, can hardly be one of very great importance in 
evolution. 

Orthogenesis,’ the theory that variations, and 
hence evolutionary change, occur along certain defi- 
nite lines, impelled by certain unknown laws, which 
has been discussed in part under orthogenetic 
variations, is again questionable. One instance, 
mentioned by Jordan and Kellogg,’ is in process of 
becoming on the campus of Stanford University, Cal- 


1 Osborn, 1922, a. 2Jordan and Kellogg, 1907, p. 152. 


SELECTION 105 


ifornia. A leaf-eating beetle is in the act of chang- 
ing its coat from one dominant color pattern to an- 
other, and there is no known environmental control 
or inducement to change. Here there seems to be 
no evidence of ortho-selection, which is only another 
name for selection in general, for it would require 
an amazing environment, fluctuating in every pos- 
sible direction all the time, with consequent continual 
change of adaptive requirements, to produce any- 
thing other than ortho-selection. It is conceivable, 
as has been shown, that, with environmental change, 
either by migration of the animal to new conditions 
or new conditions to the animal, the direction of 
trend might be altered or even reversed. There 
has been in the past an increase in the number of 
digits until the standard number five was attained 
(see p. 129); any subsequent departure from that 
standard is a decrease in number, as in the horse or 
camel evolution. It is inconceivable that the direc- 
tion may again be reversed and the number once 
more increased. Degenerative evolution is always 
ortho-directed and is irreversible. But whether 
there is an innate tendency to the abolition of lateral 
toes or whether it is the result of natural hence 
ortho-selection is not clear. The fact remains, how- 
ever, that it is irrevocable and that no matter how 
desirable the lateral toes might be, were the climate 
to become humid and the ground soft and boggy, 
natural selection can never bring about the restora- 
tion of the ages-lost digits. Variation is seen to 
be confined within certain limits, so that, while many 
weird forms have arisen in nature, certain things 
are impossible, such as, Kellogg says, a hen with a 
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parrot’s beak, a grass with divided leaves, or a beetle 
with a notochord. .Thus it would seem that, whether 
or no variation ever moves in strictly narrow lines, 
there are evidently certain laws which forbid over- 
stepping of clearly defined boundaries. 

One interpretation of orthogenesis seems to take 
us back to the internal perfecting principle of 
Aristotle. 

Professor Osborn* has emphasized the idea of 
what he calls rectigradations, by which he means 
“the stages of single new characters occurring at 
definite points,” hence originally termed by him 
variations. Examples are new cusps arising on the 
teeth or newly arising horns on the skull. First, 
they are under hereditary control, and, second, they 
arise independently at different times in the descend- 
ants of remote ancestors. They are, moreover, con- 
tinuous, arising from almost invisible beginnings 
and passing into a stage of usefulness. It is prob- 
able, but has not yet been demonstrated, that recti- 
gradations are subject to fluctuations—that is, are 
more or less strongly developed around an average 
mean. By this there is recognition of a very im- 
portant principle which clarifies certain disturbing 
questions in the minds of the critics of evolution, 
namely, that the question of the origin of species is 
as yet unsolved. It is unfortunate that this phrase 
was ever invented, for the old criterion of Huxley’s, 
that of sexual incompatibility, is the most important 
test of species in the minds of most people, and, while 
it holds in the main, it does not always, notably 
among the bovines, and is a test manifestly impos- 
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sible of application to fossil forms. Ik is merely 
one of the several characters by which species may 
be distinguished. What gives rise to it and when it 
appears in specific evolution it is almost impossible 
to ascertain. ; 

But Osborn’s idea seems to be that the evolution 
of an organism is the sum of the evolution of its 
parts, and that in the course of the racial history of 
any group a new character may arise and be carried 
on to full development, or even to degeneracy again, 
more or less irrespective of the other features of the 
organism, although there are often correlated struc- 
tures whose rise and progress are always more or less 
intimately tied together. The force which carries 
the organ on is in part orthogenesis, with some range 
of fluctuation, but a general onward trend, selection 
serving as a general control and often eliminating 
forms whose evolutionary tendencies are out of ac- 
cord with newly arising conditions. It accounts for 
the curious localization of evolution to certain parts 
of the animal and the conservatism of other parts. 
Thus, in the elephants and mastodons, aside from 
increasing bulk and the modification of the limbs to 
carry the weight, the evolutionary changes are con- 
fined almost entirely to the head—skull form, jaws, 
teeth, tusks, and trunk. The extinct oreodonts, in 
like manner, show evolutionary changes almost en- 
tirely in the head, while man retains so many archaic 
characters as to be a veritable storehouse of an- 
tiquities, his evolution being confined largely to his 
adaptation to an upright terrestrial gait and the de- 
velopment of a huge, highly organized brain and 
consequent change in the skull. 
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This evolution of parts is under the daily obser- 
vation of the paleontologist. There is not the 
slightest doubt of its occurrence, and, while the 
directive force may be as inexplicable as gravity, its 
results are in the same manner predictable. In one 
instance, quoted by Scott,’ the presence of a certain 
type of creature, with some details as to its structure, 
was predicted some time before by Dr. Max Schlosser 
of Munich for a certain geologic age. And Scott 
himself discovered the anticipated type in northern 
Utah, thus fulfilling the prediction in a manner com- 
parable to the discovery of the planet Uranus after 
its existence and position in the heavens had been 
calculated, based upon data derived from the be- 
havior of its neighboring planets. 

Scientists have no possible doubt of organic evo- 
lution as a fact. There is no other hypothesis which 
can possibly explain all of the various phenomena 
of animate nature, and not one fact has ever been 
brought to light which is incompatible with it. But 
the way or ways by which evolution comes about is 
a matter of argument. Doubt as to the existence of 
certain proposed causative factors has been taken by 
the opponents of evolutionary teaching as expressing 
doubt as to the truth of the law itself, but this has 
vanished from the minds of most informed, thinking 
men. 


1 Scott, 1917, p. 171. 
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CHAPTER V 
ANCIENT DIVERGENCE 


Evivencess for evolution are derived from several 
distinct sources, some of which offer direct, others 
indirect, proof. Darwin’s own beliefs were stimu- 
lated first by his direct observation of living animals 
in the field, especially in the Galapagos Islands, to 
which allusion has already been made, which he vis- 
ited during his memorable voyage round the world 
in the brig Beagle. He was notably impressed with 
the specific divergence of segregated birds and rep- 
tiles on the several islands of the group. 

His main line of evidence, however, was gathered 
from the changes wrought by man in husbanding 
the various strains of domestic animals and plants, a 
series of experiments extending back over some thou- 
sands of years and coming as near as was then pos- 
sible to our modern science of experimental biology. 
Darwin saw the results which selective breeding had 
accomplished and, knowing the methods of the hus- 
bandman, argued that, as the results were often com- 
parable to those obtained by nature, the methods 
might also be similar. Hence the idea of natural 
selection. The plasticity of organisms in the hands 
of the breeder, while varying greatly among different 
forms, as, for instance, the easily altered fowls, 
sheep, pigeons, and many plants, compared with the 
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static peacock and guinea fowl, indicates a similar, 
although again varying, plasticity of wild forms in 
nature. 

Other evidence is derived from morphology, the 
science of form, especially when studied compara- 
tively. The structure of a creature which fits it into 
a certain environment may be compared with more 
or less closely related animals, living under different 
conditions. From this it is possible to imagine the 
evolutionary changes brought about in each, as com- 
pared with a more primitive type representing the 
ancestral condition. 

Other evidences are derived from ontogeny—that 
is, the changes undergone by the organism during its 
individual life—which is thought to repeat in a very 
general way the evolutionary history (phylogeny) 
of the race to which the organism belongs. This is 
Haeckel’s biogenetic law, an idea advanced pre- 
viously by the American naturalist, Hyatt, under 
the name of morphogenesis. This evidence, while 
of the utmost value, must be used with great cau- 
tion, for falsifications of the record may occur, due 
to the need of hurrying over the preliminary de- 
velopmental stages particularly, some of which are 
actually crowded out of the résumé, thus omitting 
long chapters in the parallel evolutionary record. 
Again, peculiar conditions may have arisen in the 
life of the existing animal, necessitating structural 
alteration or some special larval organ or adaptation 
to meet them, and which do not in any sense repre- 
sent ancestral stages in the evolution of the group, 
such, for instance, as the modifications undergone by 
twig-mimicking caterpillars, which in nowise resem- 
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ble the ancestral insect. When one realizes that the 
developmental history, covering, as it does, a brief 
period of weeks or months, recapitulates a racial 
history extending over millions of years, it would 
be very difficult to imagine a perfect historical repe- 
tition. It is in a way comparable to the speeding 
up of a cinematograph film, but here the speeding 
would have to be so infinitely great that nothing 
would be discernible, without an occasional slowing 
down and cutting out of unessentials. 

The third line of evidence is historical—that de- 

rived from the actual documents of evolution, the 
fossils found in the rocks, which give, in many in- 
stances, an incomplete, but incontestable, record of 
the phylogeny of a group. It is our purpose in this 
and the succeeding chapters to set forth some of this 
evidence, which is becoming more perfect and com- 
plete with each succeeding year of exploration and 
study. - 
Wells, the author of the Outline of History, wrote 
some years ago a romance called The Time Machine. 
A wonderful invention is devised by the hero, 
whereon he can ride into time, both past and future. 
By mounting the vehicle and moving certain levers 
he is propelled forward in time, viewing the actions 
of human generations yet unborn, and ultimately 
comes to a still and lifeless ocean, on the shore of 
which crawl sluggishly the last survivors of the brute 
creation, man having long since become extinct. Re- 
versing the mechanism, he returns to the present, or 
he might view in succession earlier and earlier his- 
torical happenings, then the prehistoric, until he ar- 
rives at conditions immeasurably remote. 
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But the theory of relativity as applied to time 
gives us yet another conception. It has been shown 
that time is merely relative, in that if one were 
removed to a distant heavenly body, whence he 
could with a sufficiently powerful telescope see the 
happenings upon earth, he would see not those things 
which were occurring at the time of his observation, 
but at the time the light rays reflected to his eye had 
left the earth in their passage through space. Thus, 
if the point of observation were 433 light years from 
the earth and the telescope were turned on the North 
Atlantic at a certain time this summer, the observer 
would see, not the majestic Leviathan on her western 
passage, but the small, unwieldy caravels of Colum- 
bus on their memorable voyage of discovery across 
the Ocean Sea! Hence, if space is infinite, it is only 
necessary in our imagination to remove our point of 
observation to more and more remote points and to 
increase the power of our telescope accordingly, to 
see in our own time the unfolding of the story of 
the evolution of our earth and its inhabitants. Thus 
it is that our science deals with distribution in time 
as in a fourth dimension, a vision of which will be 
crudely set forth, for to the paleontologist this fourth 
dimension is as visible as the other three. 

Stratigraphical geology is a science which had its 
inception in the researches of one William “Strata” 
Smith, who lived in England from 1769 to 1839. 
Since his time the earth’s crust has been studied with 
such detail that our knowledge of the sequence of the 
rocks is very complete and, except for the more re- 
mote regions of the globe, very exact as well. Based 
upon the knowledge thus gained, geologists have 
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worked out a detailed time scale, covering the his- 
tory of our globe. An abridged form f this time 
table is given here for reference and is based upon 
the writings of Schuchert and Barrell. 


PRESENT TIME: 


PsycHozoic Era, AcEor Manor AcEor Reason. 
Includes the present or “Recent time,” and the 
time during which Man attained his highest 
civilization, estimated to be probably less 

than 30,000 years. 


GEOLOGIC TIME: 


Cenozoic Era. Ace or Mammat Dominance. 
Glacial or Pleistocene time, Last great ice age. 
Late Cenozoic or Pliocene and Miocene time. 

Primates changing into Apes and Man. 
Early Cenozoic or Oligocene and Eocene time. 
Rise of higher Mammals, including Primates. 
Mesozoic Era. Acer or Reptire Dominance. 
Cretaceous period. Rise of primitive Mammals. 
Comanchean period. Rise of flowering Plants 
and higher Insects. 

Jurassic period. Rise of Birds and flying Rep- 
tiles. 

Triassic period. Rise of Dinosaurs, and Mam- 
malian stock. 

Pargozoic Era. Acer or Fis Dominance. 
Permian period. Rise of Reptiles. Another 

great ice age. ’ 
Pennsylvanian period. Rise of Insects and first 
time of marked coal accumulation. 
Mississippian period. Rise of marine Sharks. 
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Devonian period. First known marine Fishes, 
and Amphibians. 
Silurian period. First known land Floras. 
Ordovician period. First known fresh-water 
Fishes. 
Cambrian period. First abundance of marine 
Fossils, and dominance of Trilobites. 
Proterozoic Era. AGE oF INVERTEBRATE 
DoMINANCE. 
An early and a late ice age. 
Arcueozoic Era, Oricin or ProropLasM AND 
oF Simpest LIFE. 


COSMIC TIME: 


Formative Era, Birty anp GrowTH OF THE 
EARTH OUT OF THE SpiraAL NEBULA OF THE 
SUN. 

Beginnings of the atmosphere and hydrosphere, 
and of continental platforms and oceanic 
basins. No known geological record. 


Farth’s history is divisible into Cosmic time—the 
formative era, a period of duration which we cannot 
possibly measure, during which the earth had its 
birth and its subsequent growth in some such manner 
as set forth in the first chapter of this book, and Geo- 
logic time, during which the earth has been fit to 
support life. Of Cosmic time we have only hy- 
potheses; of Geologic time actual records in the 
crustal formations of the earth. Geologic time, in 
its turn, is divisible into six eras, the first two, the 
Archeozoic and Proterozoic, being those of unicellu- 
lar and invertebrate dominance, respectively. Our 
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records, however, are scant, for the evidences of or- 
ganic existence are largely indirect. “They consist 
of beds of graphite, which, so far as we know, is 
always of organic origin, and of limestone and bog 
iron, which are generally so produced. In addition, 
actual fossils are known of lime-secreting alge or 
seaweeds, but the animals had not at this time at- 
tained the habit of making limy shells or skeletons, 
their protective coverings being of chitin, a horny 
substance like that forming the outer covering of 
insects of to-day. This was probably due to some 
peculiarity in the chemical content of the seas, but 
it made it rarely possible for animals to write a 
relatively imperishable record of their existence and 
the manner of their being, as they do in Paleozoic 
time. A few scanty fossils are known of radiolar- 
ians, unicellular creatures whose shell is of quartzy 
material, and the burrows and tubes apparently of 
annelid or segmented worms. The presence of the 
last would imply that of all the lower grades of life. 
Moreover, the existence at the very beginning of 
the Paleozoic of all of the invertebrate phyla implies 
an immensely long antecedent evolution to account 
for the differentiation from simple beginnings of 
all this host of beings. If one may judge from the 
slowness of their change, except in details, from that 
distant day until now, the time required for this 
elaboration since the origin of life on earth is such 
that it staggers the imagination, for the beginning 
of the Paleozoic is now put consérvatively at one 
hundred million years ago. 
We speak of the Archeozoic as the period of uni- 
cellular life, both plant and animal, This, how- 
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ever, is entirely inferred, as there is no direct evi- 
dence whatever of their existence. That the Proter- 
ozoic was a vast period of invertebrate evolution, 
however, we are reasonably sure from the evidence 
already cited. It may also be called the Era of In- 
vertebrate Dominance, for nothing higher, in other 
words, no backboned animals, had as yet appeared. 
Later we will find higher forms emerging in the 
evolutionary stream, while more primitive types are 
still dominant, for the so-called higher animals must 
increase in numbers and prowess before they can 
usurp the overlordship of the ruling dynasty. 


The Paleozoic Era 


This is the era of ancient life and covers a known 
duration of some sixty million and more years, and, 
while it is ina sense still a time of invertebrate domi- 
nance, the vertebrates arise and progress largely 
during the era. 

Cambrian time ushers in the era, and, as we have 
said, the entire series of invertebrate phyla is al- 
ready in existence. It is not, however, until the 
Upper Cambrian that the animals become able to 
secrete skeletons and shells of lime. Practically all 
of the invertebrate evolution, the establishment and 
elaboration of the great stocks, lies beyond our ken. 
Their subsequent evolution is largely the develop- 
ment of detail and the differentiation of minor 
groups. Some of high importance and fascinating 
interest, like the cephalopod molluscs, squid, 
cuttlefish, octopi, and nautilus, and the insects, with 
their wonderful range of adaptation and true flight, 
are products of Paleozoic time. 
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Detailed study has been made of the climates of 
the past, as a result of which the differences of tem- 
perature and degree of moisture are quite clearly 
indicated. These climatic changes, in turn, are gen- 
erally correlated with crustal movement, which is 
largely due to periodic earth shrinkage, with a con- 
sequent warping of the surface, giving rise to con- 
tinental elevation or depression and often to the for- 
mation of tremendous uplifts in the form of moun- 
tain ranges. These crustal movements may be so 
great as to be of revolutionary character, so profound 
is their effect upon organic life. Thus these revo- 
lutions are the dividing lines between the eras of 
geologic time, while the less extensive disturbances 
separate the lesser divisions, the periods, and the 
epochs. There is usually then a very distinct break 
in the deposition of fossil-bearing rocks, with a con- 
sequent loss of part of the record of life. Again, as 
the revolution extends over a long period of time and 
is perhaps somewhat local in its effect, there are tran- 
sitional formations which give rise to considerable 
argument among experts as to the era to which they 
should be assigned. 

Usually with marked crustal deformation comes 
stressed climate, which departs far from the opti- 
mum, either pronounced aridity or cold, even glacial 
cold. These stress climates have, as we shall see, 
a very marked effect, either direct or indirect, upon 
animal life, although seemingly always direct in the 
case of plants. 

Evolutionary movement responds with great nicety 
to environmental change, for it is a fact that same- 
ness of conditions slows down the rate until evolution 
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seems to be almost at a standstill, while change ac- 
celerates it. ¢ 

We have just passed, or are passing, through a 
period of marked earth movement during which the 
coastal mountain ranges of the Pacific were formed; 
hence it has been called the Cascadian Revolution. 
While there were other factors than crustal move- 
ment concerned, as Huntington has shown, the effect 
of this revolution upon our climate was profound, 
for it produced the last great glacial period, with its 
mantling sheets of continental ice and devastating 
cold. That this reacted profoundly upon animal 
life is at once apparent to the student of the fossil 
record. It was one of the most critical evolutionary 
periods of geologic time. 

Except for these occasional periods of stress, the 
climate of the Paleozoic was equable and doubtless 
of a mild character. Several events of profound 
importance occurred, however, most of which can be 
correlated with periods of environmental change, for 
wherever a great pulsation comes in the otherwise 
steadily flowing stream of life, there is always an 
impelling cause. 

Some of the most notable of climatic movements 
are: very marked local aridity in Devonian time, 
due to the Silurian uplift, with semiaridity as the 
dominant climatic note throughout the period; a 
drop to optimum early in the Mississippian, becom- 
ing gradually more arid toward its close; humidity 
again during the Pennsylvanian, with marked aridity 
and glacial cold during the Permian, as a result of 
the so-called Appalachian Revolution, which termi- 
nates the Paleozoic (see chart, “Pulse of Life”). 
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Fig. 4.—Trilobites, redrawn after Zittel, from Handbuch der 
Paladontologie. Macmillan. 
Trinucleus Deiphon 
Paradoxides 
Triarthrus Proteus 


Notable organic movements connectable in the main 
with the foregoing are now to be recorded. Cam- 
brian time is sometimes known as the Age of Tril- 
obites, for it was the period noted for the profusion 
and variation of these ancient creatures, a profusion 
so notable that they seem to be the most important 
animals of their time. They are a group of primi- 
tive Crustacea, allied in a general way to the shrimps, 
crabs, and lobsters of the present seas. Their name 
refers to the three-lobed character of the head and 
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body, the divisions being longitudinal. They pos- 
sessed a head shield, a tail shield, and a number of 
intervening segments which made it possible for cer- 
tain of them to roll up in a ball for defense. The 
under portion and appendages were so much more 
delicate than the upper that they are rarely pre- 
served to us. Due, however, to the researches of 
Beecher,’ Walcott, and Raymond,” we have a very 
fair knowledge of the general structure of the group. 
In size they ranged from about one-third of an inch 
to twenty-seven and a half, but averaged about an 
inch anda half. In habit they were marine, bottom- | 
crawling creatures, which swam, for the most part, 
fairly well. Others lived apparently partly buried 
in the mud. They are characteristic Paleozoic 
forms, as they did not survive the era; in fact, their 
greatest abundance was very early in the Paleozoic, 
for by Devonian time their numbers had greatly 
diminished. During the Silurian, curious, bizarre 
forms appear among them, spinescent and otherwise 
grotesque. This, as we see it repeatedly among 
prehistoric types, both invertebrate and vertebrate, 
is indicative of decline in racial vitality and always 
heralds extinction. We usually describe such creatures 
as showing racial senility. 

It is supposed by high authority * that out of the 
trilobite stock came the other Crustacea, the spider 
and scorpion group, and the insects, but, if so, it was 
certainly not the bizarre, but the more generalized, 
sorts which thus evolved into higher forms, the be- 
ginning of divergence into the several later deriva- 
tives being found among the trilobites themselves, 


1 Beecher, 1894. 2 Raymond, 1920. 8 Handlirsch, 1906. 
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wherein the initial differences of habit and conse- 
quent structural divergence arose. 

We have no evidence of land plants until the 
Silurian; previous to this the entire record is of 
algze or seaweeds. Whether there was no land flora 
before the Silurian one cannot be sure. The plants 
which are preserved to us are as yet both rare and 
indistinct, the first extensive land flora being recorded 
from the Upper Devonian. As Schuchert* says: 
“We are probably right, however, in considering that 
the low-lying lands were clothed with a green ver- 
dure from at least the beginning of Champlainian 
[Ordovician] time, but that the early plants had 
not yet acquired sufficient woody tissue in their organ- 
ization to be preserved in the sediments. . . . Since 
Middle Devonian time land plants with woody tissue 
have become more and more prolific and have grown 
to greater dimensions and higher stature, all of which 
means that they also have gradually attained a longer 
individual growth.” 

Land plants are naturally the forerunners of land 
animals, which are dependent on the plants for food. 
It is a curious thing, therefore, that the first recorded 
air-breathing animal should be a Silurian scorpion. 
This group, of which several general sorts are known, 
from the Silurian rocks of North America, England, 
and Sweden, is to-day entirely carnivorous—a blood- 
sucking, hence, literally, bloodthirsty, race. What 
the precise feeding habits of the Silurian represen- 
tatives were we can only infer, but there is no reason 
to consider them plant-feeding. Hence their pres- 
ence implies that of other creatures, which formed 


1 Schuchert, 1924, Chap. xxviii, p. 373. 
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their prey and acted as the intermediary between 
them and the ultimate food. y 

We are, however, most interested in our own 
lineage, which, of course, implies that of the verte- 
brate or chordate (see p. 27) phylum. The origin 
of this important group-is lost in the darkness of 
time, as the earliest known fossils are already ad- 
vanced far beyond the initial stage. Various hy- 
potheses have been advanced as to the ancestral 
home, the invertebrate stock out of which the ver- 
tebrates arose, and the moving cause for their initial 
evolution, none of which has a sufficient body of 
proof back of it to make it anything other than mere 
working theory." Whether light will ever be thrown 
on this problem is extremely doubtful, although the 
marvelous fossils found by Doctor Walcott’ at 
Mount St. Stephen, British Columbia, in rocks of 
Middle Cambrian time, are so well preserved in all 
their delicate details as to give great promise of 
possibilities. Here there have already been found 
trilobites, worms, echinoderms, and other forms, 
without any trace of calcareous skeleton, but with 
the chitinous and membranous structure preserved 
as a thin film of carbon on a black slate. The most 
primitive chordate, were it in this environment, 
would probably be preserved entire. 

To summarize briefly that which we think but do 
not know—the most widely accepted idea is that the 
ancestral stock may have been some annelid-like 
worm, and the place of origin the dynamic running 
waters of the land, for here alone is there induce- 
ment to develop such locomotive powers as the 


1 Chamberlin, 1900; and Lull, 1917, Chap. xviii. 2 Walcott, 1911. 
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chordates always possess, in contrast with the gener- 
ally sluggish invertebrates. Of course, there are ex- 
ceptions among the latter, such as the cephalopods 
and the higher arthropods (Crustacea and insects), 
but as a rule the contrast holds. The time of origin 
must have been remote, at least as far back as the 
beginning of the Paleozoic, but the first recorded 
chordate occurs in our own West in rocks of mid- 
Ordovician time. These remains are scanty and 
fragmentary, but represent a well-known group of 
armored “fishes,” known as the ostracoderms (shell- 


Fig. 5.—Ancient Armored Fish (Ostracoderm, Bothriolepis), 
adapted from Patten. 


skin). These creatures are of rather small size, with 
the head and trunk invested in an armor of plates, 
resembling in certain respects the shells of molluscs. 
The tail is covered by a shark-like skin and termi- 
nates in a propelling fin, which also resembles that of 
a shark. Many features about them resemble so 
closely an interesting group of ancient arthropods, 
known as the eurypterids, that Patten’ sees therein 
more than mere resemblance znd would derive the 
chordates from the arthropodean stock. The ostra- 
coderms, however, while in a sense very primitive, 
are, at the same time, specialized in their armor and 


1 Patten, 1912. 
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cannot be considered as the root of the vertebrate 
stem, but rather as the termini of latefal offshoots of 
some ancient shark-like form that became a sluggish, 
bottom-groveling type. During the following Silu- 
rian, sharks are represented by fin spines alone among 
the preserved fossils. It is probable that future dis- 
covery will largely increase our knowledge of the 
vertebrate life of this period. 

Devonian time shows so tremendous an expan- 
sion of the fishes that they give it a dominant note, 
and for the first time in geologic history the back- 
boned animals take their rightful place as the as- 
cendant forms of animal life. Here we recognize 
at least four orders of fishes, among them the ostra- 
coderms, and another, probably related armored 
group, the arthrodires, so called because of the dis- 
tinct hinge joint of doubtful purpose between the 
head and chest shields. Some of these, found in 
Ohio, are huge, their twenty feet or so of over-all 
length making them the giants of their time and 
race (Fig. 6). There were also sharks and higher 
fishes, the armored ganoids, representatives of which 
are yet alive. The vertebrates up to this time are 
known only from fresh-water or brackish deposits, 
having essayed neither true marine or terrestrial life. 
During the Devonian, however, we find the first 
records of invasion into these important realms, in 
each of which their descendants are to be the ruling 
class. 

What kept them from the sea is not difficult to 
imagine, for the marine realm was tenanted by an 
ageressive race of molluscs, the cephalopods, amply 
endowed with locomotion, fine brain, and senses, and 
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with both protective shells and efficient weapons in 
their tentacles and powerful, parrot-like beak. There 
was no disputing the overlordship of the seas with 
such as these, until the fishes by their numbers and 
prowess became capable of meeting them on some- 
what even terms. And from that day to this these 
cephalopods have fought the fishes, the ichthyosaurs, 
the whales, and even man, and, while the armored 
forms are largely gone, the yet more progressive un- 
armored types are still numerous and _ successful. 
Sharks, the oldest of true fishes, undergo a remark- 
able revival in Mississippian time, when they evolve 
rapidly into many types of diverse habits, known 


Fig. 6.—Devonian Fish, Dinichthys, modified from Hussakof. 


largely from the great numbers of varied teeth 
which have come to light. This was their last 
gesture for supremacy. They still exist and are not 
only the largest, but the most terrible, of fishes, yet 
they are few compared with the countless numbers 
and kinds of modern bony fishes, the more familiar 
fishes of to-day. 

But these creatures have their limitations and, as 
long as they remain water-dwelling forms, breathing 
by means of gills, they can get no higher in the 
scale of life. Some are curiously modified, it is 
true, like the sea-horses, the goblin fishes, and the 
weird grotesques of the abyss. To give rise to higher 
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types—reptiles, birds, mammals, and man—emer- 
gence from the limiting aquatic enyironment is, 
however, absolutely essential.” 

We are fortunate in possessing at Yale the earliest 
known record of terrestrial vertebrate life, in the 
form of a single uncouth footprint, impressed upon 
sediments deposited during Upper Devonian time. 
As this track is already that of a partially formed 
terrestrial foot, though not yet the standard five- 
toed member, it is apparent that the actual emergent 
movement must have preceded it by some thousands 
of years. Several ideas have been advanced to ac- 
count for so revolutionary a crisis as this in the ver- 
tebrate evolution—food on the lands, enemies in the 
sea, lure of atmospheric oxygen, none of which seems 
to be of sufficient moment for so significant an 
event. It is doubtful whether any aggressively nor- 
mal marine vertebrate ever starved for want of food 
in its native habitat, or was driven out of the sea, 
more than temporarily, because of enemies, though 
the squids do occasionally chase the herring ashore 
and in their frenzy beach themselves, to their own 
destruction. Nor is the lure of air-breathing sufh- 
cient, for the sea, with its welter of wind-swept ex- 
panse, is always well aérated; it cannot become like 
a stagnant pool. Nor is the omnipresent strand the 
place of migration, for but a few stragglers—land 
crabs, mud skippers, and others—have ever made the 
journey across this No Man’s Land in their invasion 
of the coveted earth, and they are generally” still 


1 Lull, 1917, Chap. xxix. 

2 Exceptions are the sow bugs. Parker and Haswell, vol. J, p. 546, 
say they are almost unique among Crustacea for their perfect adaptation to 
terrestrial life. 
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tied to the sea, either as their permanent home or 
as the place whither they must go to bring forth 
their young. The hypothesis of the emergence, as 
it now stands, postulates the land waters as the place, 
under a semiarid climate, such as is indicated from 
the nature of Devonian sediments." Such conditions 
now prevail in Australia, Africa, South America, and 
portions of our own West, where the rivers, flowing 
and well aérated in time of rains, shrink into discon- 
nected, stagnant pools, within which the struggle for 
existence would increase accordingly and a special 
premium be placed upon those among the contained 
creatures which could exist under such adverse con- 
ditions. There are alive to-day certain fishes of 
very ancient lineage, which possess, in addition to the 
normal respiratory organs, the gills, one or more 
sac-like outgrowths of the alimentary canal, which, 
being abundantly supplied with blood vessels, serve 
as accessory breathing organs. ‘These structures are 
also seen in the modern bony fishes, or teleosts, 
but in these they form the swim-bladder, a device 
for stabilizing the animal at a given level in the 
water, for they constitute a very delicate specific 
gravity control, comparable to the adjusting ballast 
tanks of a submarine ship, though performing the 
same function in a very different way. The old lung 
fishes still live under precisely the conditions we 
have imagined, in certain Australian rivers, the Nile, 
and the affluents of the Amazon and Orinoco. Two 
other African genera are also alive in the Nile and 
the rivers of old Calabar, of comparable habits, but 


1 Barrell, 1916. 
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Fig. 8.—Existing Lung-fishes (Dipnoans): Ceratodus, the Barra- 
munda of Australia; Protopterus, the Mud-fish of the Nile; Lepi- 
dosiren, from the Orinoco region. Modified from Dean. 


belonging to a different race, the fringe-finned 
ganoids. 

With most of these fishes the coming of the sea- 
sonal drought is met by some manner of torpidity, 
or estivation, comparable to the more familiar 
hibernation, or winter sleep, of so many forms of 
life. Some burrow into the river bottom and form 
a mud cocoon, within which they pass the period of 
duress, and doubtless the semiaridity of early Devo- 
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nian times was met in precisely the same way by the 
ancestors of modern lung-breathers. It is evident, 
however, that with periods of aridity of increasing 
duration this method could not well suffice, for an 
animal must have a certain portion of its life active, 
for feeding, growth, and the rearing of its young; 
too long zxstivation would be to sleep the sleep that 
knows no waking, to their racial destruction. The 
establishment of lung-breathing was, therefore, 
merely preliminary to the emergence. 

There is direct evidence that aridity in the Devo- 
nian was progressively severe,’ until certain of the 
denizens of the drying streams were literally forced 
ashore in order to continue their activity and main- 
tain the correct ratio of work and sleep. Not all 
could meet the test, and many doubtless were elim- 
inated in the struggle. The conditions under which 
Devonian fishes are found fossil, in great profusion 
in small localities, with few between, points to a 
concentration as the waters dwindled and a final de- 
struction of such as could not emerge. 

Upon emergence the change is relatively rapid, as 
such great movements usually are: a loss of un- 
paired fins, the modification of the paired fins into the 
terrestrial hands and feet, passing through the two- 
toed stage of the oldest discovered footprint to the 
ultimate five-toed condition. There is a partial loss 
of armor also, and a change in general bodily con- 
tour. These are the essentials, and the creatures, 
amphibians, which, as the name implies, still seek the 
waters to lay their eggs, retain, as adolescents, and 
sometimes throughout life, the ancestral traits of 


1 Barrell, 1916. 
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swimming tail and water-breathing gills, but never 
the fish-like paired fins, for when theer limbs begin 
to form they develop directly into terrestrial hands 
and feet. We have living survivors of this transi- 
tional race in the frogs and salamanders, whose ances- 
tors somewhere found asylum and hence were never 
forced to take the next step and become reptilian. 
With Mississippian time came increase in humidity, 
once more with extensive low-lying swamps wherein 
these old amphibians dwelt. So favorable were con- 
ditions that they, in turn, became the predominant 
forms, but their reign was relatively brief, for before 
this period had closed the old aridity returned with 
even greater emphasis. It may well be that by this 
time amphibians, the so-called Stegocephalia, had 
wandered far afield into the heart of a region which, 
with the prolonged droughts, made seasonal return 
to the ancestral waters for egg-laying more and more 
difficult, until it became physically impossible. Again 
the ruthless elimination of the unfit and again a rapid 
adaptation of such as were able to the newly arising 
conditions. Now the essential is ability to lay eggs 
on land and to pass the entire life as terrestrial 
beings. The egg undergoes a marked change, is 
larger, for more nourishment must be stored within 
for the developing young, but, in addition, pro- 
vision must be made for respiration, a simple thing 
in water-breathers, but much more involved for those 
which breathe the air. This is accomplished within 
the ege by the development ofa membrane, the 
allantois, which closely lines the interior of the po- 
rous shell. Into this envelope run the embryonic 
blood vessels, the allantoic circulation carrying im- 
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pure blood into close relationship with the outside air, 
where it loses its impurities for a fresh supply of 
oxygen, the allantois functioning exactly as do our 
lungs. Such eggs must either be laid on land or 
retained within the mother’s body till they hatch, for 
they would inevitably drown if they were laid in the 
water. The retention of the egg is a common rep- 
tilian adaptation to this day, among certain snakes 
and some lizards, and we are sure that it also obtained 
among such high-seas types as the ichthyosaurs of 
old. Where this occurs the shell becomes extremely 
thin, and by a common process, known as osmosis, the 
interchange of gases goes on between the embryonic 
and maternal blood. The importance of this is at 
once realized when it is known that this same allan- 
tois serves as the intermediary between the mother 
and her unborn young in the mammal. 

With the air-breathing egg came of necessity the 
abandonment of gill-breathing forever, and out of 
the amphibious stegocephalian came a primitive rep- 
tile, for, while there are marked anatomical differ- 
ences between the representatives of both groups to- 
day, there were in Pennsylvanian times transitional 
forms, whose characteristics are so largely common 
to both classes that an expert may hardly distinguish 
them with assurance, unless he knows the young. 
These, if they are Amphibia, show traces of gill 
arches, sometimes extremely well preserved in the 
fossil; if reptilian, no such relics are seen, but, as 
usual, the positive evidence is the surer proof. 

Pennsylvanian time sees the reptiles established, 
but not yet risen to the condition of dominance, for 
humid conditions again prevail, and upon the low- 
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Fig. 9.—Diagram of Embryonic Membranes. A, Reptile or bird; « 
B, Mammal. From Lull, after Wilder. Courtesy of the 
* Macmillan Company. 
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lying coastal regions are swamps of vast extent, 
which were to become the home, not,alone of the 
amphibians and few reptiles, but of a vast flora, the 
fossil remains of which we now utilize in the form of 
coal. The coal plants are largely ferns, huge scour- 
ing rushes, then of majestic, tree-like proportions, 
and other trees allied to the existing club mosses. 
These are all spore-bearing plants. The spores are 
easily spread by the winds, so that, not only is the 
flora far flung, but strangely uncouth and monoto- 
nous in its dreary greens, with never a flower or a 
bird to add a cheerful note to the landscape. 

With the Permian, which closes the Paleozoic, 
comes stress of climate, the outcome of the Appa- 
lachian Revolution, but far reaching in its effects , 
on animal life. The climatic record now shows two 
aspects, diminution of moisture and increasing cold, 
the latter so great in its extent that a glacial period 
is ushered in, more austere than that of the Pleisto- 
cene, but manifesting itself largely in the southern 
hemisphere, as did the last in the northern. Not 
only did these conditions, especially the aridity, stim- 
ulate reptilian evolution at the expense of the am- 
phibian, for we have reason to suppose that before 
the close of the Permian most of the numerous rep- 
tilian orders had been foreshadowed and, in at least 
one group, senescent types had appeared; but the 
cold seems to have reacted on certain of the more 
agile reptiles and developed in them the evolution 
of the mechanism for the maintenance of bodily heat 
independent of external conditions—in brief, the 
establishment of warm blood, making possible the 
mammal and the bird. Aridity always makes for 
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greater activity; a wider range must be covered in 
the search for food and drink. This, of course, 
means greater metabolism and an increased tempera- 
ture while active, but the cold-blooded or variable- 
temperature forms chill down to that of the external 
medium when they become quiescent. Such crea- 
tures, with excessive external cold, pass into a condi- 
tion of torpor and are only roused again when the 
outside heat warms their blood. Now let the cold 
increase and the summers grow more and more brief 
and the results would be in a way quite comparable 
to those of the Devonian droughts. Only those 
which could maintain their activity into the increas- 
ingly cold seasons could survive. This may well 
have been in relatively restricted areas, as in the 
southern land masses, for all the lower cold-blooded 
races did survive, though it is quite probable that 
many minor groups did not. At any rate, out of 
two divergent reptilian stocks arose the higher 
classes. One stock was quadrupedal, flesh-feeding, 
rangy animals, with differentiated dog-like teeth; 
the other bipedal, related to the dinosaurs of the 
Reptilian Age. The former gave rise to the mam- 
mals, the latter to the birds. Of course, neither 
are known as yet from actual Permian fossils, but 
mammalian jaws have been found in the succeeding 
Trias and well-evolved, feathered birds, whose de- 
gree of advancement necessitates a long antecedent 
evolution, in the Jurassic. 

Our postulate of initial warm blood as an out- 
come of Permian glacial cold is, therefore, not at all 
unreasonable. 
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Summary of Paleozoic Advance-—The Paleozoic 
saw the establishment of the farzyeaching lime- 
secreting habit; the rise, culmination, and wane of the 
trilobites; the rise of the cephalopods; the initial 
evolution of insects; and the first flowers and air- 
breathers. 

Of the vertebrates it probably ushered in the 
phylum, saw the expansion and dominance of fishes, 
the shark revival, the emergence of terrestrial verte- 
brates, the brief dominance of armored amphibians, 
the origin and first deployment of reptiles, and the 
possible establishment of warm blood, a truly great 
series of organic accomplishments, a period of rise 
and establishment. The scene is now set for the 
tragedy of Brawn, 


CHAPTER VI 
MEDIEVAL BRAWN. AGE OF REPTILES 


Tue era of geologic time which followed the 
Paleozoic, while relatively much shorter than the 
latter, is nevertheless of great duration, for the most 
conservative estimates of those who know earth’s 
ages best put it at some twelve millions of years, 
during which reptilian forms dominated land, sea, 
and air, filling every role in nature which is now 
taken by the mammals. We speak of this medieval 
time of earth’s history variously; technically it is 
known as the Mesozoic era, popularly as the Age 
of Reptiles. It is, in its turn, divided into three or 
four periods, according to various usage of foreign 
or American geologists. Of these the first is the 
Triassic, when the reptilian evolution was unfolding. 
This is followed by the Jurassic, during which there 
was full prophecy of what was to come. The 
final Cretaceous has been subdivided into a lower 
and upper period, although the general custom in 
America is to call the first of these Comanchean, 
restricting the name Cretaceous to the upper. Dur- 
ing Comanchean time the reptilian forms reached 
their maximum of numbers, and of majestic size, as 
some of them exceeded in length any terrestrial crea- 
tures which have ever lived, although the modern 
great whales actually surpass them in bulk. The 
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Cretaceous saw the beginning of the end, as well as 
the end itself, in that here the stamp of senility, 
shown by grotesque bizarrerie, appears and reap- 
pears, as groups, having run their racial cycle, come 
to their passing. 

We may call this the. Age of Brawn, for brain 
apparently played relatively little part in determin- 
ing fitness for survival, and might gave right to live. 
With the coming Age of Mammals a premium is 
placed on shrewdness, but, as one reptile was about 
as ill endowed mentally as another, this was with 
them of little consequence. 

The setting of the great reptilian drama requires 
no great strain of our imagination for its visualiza- 
tion. Of land and sea the proportions varied. Per- 
haps the most important details for our purpose are 
the stretching of a mighty southern land mass, con- 
necting up the present continents of South America, 
Africa, Australia, and southern Asia and the included 
islands, such as Mauritius and the East Indies. This 
has been called Gondwanaland, and the basis for our 
belief in its existence and extent is partly physical 
and paleontologic and partly founded upon the 
peculiar distribution of certain existing land animals. 
Another important feature was the existence of a 
great inland sea, formed by the northward extension 
of the Gulf of Mexico along the area east of the 
present Rocky Mountain uplift and either communi- 
cating with the Pacific, not far from Vancouver, or 
with the Arctic itself. This great sea spread and 
withdrew during the Comanchean, to spread again 
in Cretaceous time to even greater dimensions. As 
Gondwanaland gave migratory routes for land ani- ~ 
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mals across what are now the South Atlantic and 
Indian oceans, so the inland sea formed the home of 
numerous marine reptiles, whose remains are pre- 
served to us, and extended the area of coastal swamps 
wherein dwelt the mightiest of the dinosaurs. 

Climatic conditions varied as the periods passed, 
but there was apparent uniformity the world over 
throughout the era, and the temperature in general 
must have been comparatively mild, a necessary req- 
uisite for reptilian life. There is growing evidence 
of a temperature drop during or at the close of the 
Triassic, but its reaction on the life of that period is 
not yet revealed. When marked climatic change 
appears it is not of temperature, but degree of mois- 
ture, that the evidence speaks, and there is reason to 
believe that its effect upon the evolution of certain 
reptilian groups was profound, both directly and in the 
consequent modification of plant life, which, in turn, 
reacted upon the animals, although not so much, 
perhaps, as it did later upon the mammals, whose 
feeding habits are more varied in detail, with conse- 
quent tooth adaptation. 

Triassic time was one of widespread aridity, evi- 
denced by the prevailing red sandstones of the period, 
with beds of salt and gypsum, ever indicative of 
semiarid climate. The Jurassic, on the other hand, 
seems to have been largely humid, a condition which 
persisted during much of the time to follow. 

Of plant life we see decided evolutionary changes, 
those of the Trias, ferns, tree ferns, huge scouring 
rushes, cycads, and primitive conifers, being in part 
a reflection of Paleozoic floral life, and partly the 
acquisition of advanced types. The Jurassic has 


MEDIEVAL BRAWN. AGE OF REPTILES I4I 


been called the Age of Cycads, whose living rela- 
tives are the sago palms of tropical lands, for these 
give the dominant note to the landscape and must 
have formed the food of some of the larger of the 
plant-feeding reptiles. In the Comanchean, flower- 
ing plants appear, and now for the first time is seen 
a note of color, whereas for millions of years the 
verdure of the earth was a monotonous and somber 
green, with no flowers or autumnal tints to glorify 
the landscape. By mid-Cretaceous the flora is essen- 
tially modern, with familiar trees,—oak, elm, sassa- 
fras, beech, and maple—so that there would be 
little in our North American landscape to surprise 
us, except that the combinations would be unfa- 
miliar, such as palms and maidenhair (Ginkgo) trees 
in Montana, associated with those which now grow 
there. 

We have spoken of the dominance of reptiles 
during the Mesozoic. This does not, however, pre- 
clude the existence of the higher forms, for mam- 
mals first appear in the Triassic rocks, while those of 
Jurassic time contain the earliest revealed birds. 
Thus by the end of Jurassic time all classes of animal 
life had appeared, and some, like the trilobites of 
old, had already run their course to extinction. The 
mammalian evolution yet to come is amazing, but 
it is of orders, families, and genera, and not the 
establishment of any larger group. 

It is necessary, therefore, that we review the rep- 
tilian characteristics, the better to appreciate the 
meaning of their adaptations, which made them so 
marvelous a race during their age. , 

Exclusive air-breathing is the first of these diag- 
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nostic features, with the air-breathing egg. Those 
that went down to the sea and carried on their life 
in the great waters \were thus twice restricted—they 
must rise to the surface periodically to breathe, as 
do the modern whales, and they must come ashore 
for egg-laying or retain the egg until the young 
could be born alive. Cold blood, more correctly 
variable temperature, was another reptilian feature. 
True, some have held that the dinosaurs may have 
been warm-blooded, but of this there is no evidence 
whatever. That they warmed up considerably dur- 
ing their periods cf activity and hence of higher 
metabolism it is most reasonable to believe. Even 
the modern tuna, the game fish of the Pacific and 
to a less extent of the Atlantic coast, does that, and 
that certain of the bulkier ones cooled off slowly, 
owing to their relatively small radiating surface and 
tropical surroundings, is equally probable, but rep- 
tiles of the present have long periods of utter inac- 
tivity, during which their metabolic changes must 
be very small, and the same was doubtless true of 
those of that ancient day. During the semiarid 
Trias the nights were doubtless cool, when the rep- 
tile would chill to torpidity. The maintenance of 
bodily heat implies not only an internal temperature- 
controlling mechanism, but an external heat-retain- 
ing clothing, either fur or feathers, as well. Neither 
of these is in evidence in any Mesozoic reptile, and 
in some the skin, with its characteristics, is preserved. 
There is an alternative, however, which might have 
been present, a layer of fat beneath the skin for 
warmth retention, such as is seen in the whales and 
seals and among reptiles in the green turtle. Two 
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other characters also prevail in the Reptilia, although 
either may be lost through specialization. One is 
the scaly or armored skin, in which the armature is 
completely lost only in the high-seas ichthyosaurs 
of the Mesozoic, possibly also in the plesiosaurs, but 
of the skin of the latter we have no record, as 
we have in the former case. In the existing leather- 
back turtle, or luth, the irregular plates of the back 
are imbedded in fat, like the blubber of a whale, 
and only in seven keel-like rows do they appear 
through the leathery skin. Another character is the 
presence of four limbs, usually with five digits each, 
although the number, both of digits and of limbs, 
may be reduced, the latter to two or none, as in 
modern snakes and limbless lizards. The limbs 
become flipper-like, without external trace of free 
digits in the high-seas types, as they do in the whales. 
The contrast with the fishes and amphibians lies 
largely in the loss of gill-breathing and the char- 
acter of the egg, and with the birds and mammals 
in the absence of warm blood and clothing, such as 
feathers and hair. Other points of contrast with 
the mammals will be emphasized later. The birds 
possess so few basic points of difference with the 
reptiles that Huxley, years ago, spoke of them as 
“slorified reptiles.” One point of emphasis must 
be made in contrasting the reptiles and mammals, 
however, and that is that, while the former are 
possessed of an admirable nervous system well fitted 
to their needs, their brain power is never great and 
seems to have been far less essential to survival than 
in the case of modern mammals. The Mesozoic was 
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a period of dominant brutality, rather than being in 
any sense a psychic age. 

. Osborn’ thus speaks of the habitat and characteris- 
tics of the ancestral reptile: “A warm, terrestrial, 
and semiarid region, favorable to a sensitive nervous 
system, alert motions, scaly armature, slender limbs, 
a vibratile tail, and the capture of food both by 
sharp-pointed, recurved teeth and by the claws of 
a five-fingered hand and foot.” They underwent 
a very remarkable adaptive radiation, equaling that 
of the mammals and exceeding greatly that of the 
amphibians. For this they had an abundance of 
time, extending over a period of from fifteen to 
twenty million years, longer by far than that of the 
mammals which succeeded them. Of the several 
habitats into which the reptiles deployed, certain will 
be emphasized, with the resultant modifications of 
structure and habits. 

From the semiarid region certain types, either 
through migration to new environment or migration 
of the environment to them—i.e., climatic change— 
sought the moister conditions of the swamps, where 
food was plenty and ease of living secure. Swamp- 
dwelling reptiles are recognizable by their broad 
splay feet and often by a certain swimming power 
shown by webbed digits and laterally compressed 
tail. The swimming types, however, merge insen- 
sibly into the semiaquatic dwellers in streams and 
lakes, like many of the modern turtles and croco- 
diles, and a number of extinct types. 

One of the earliest, actually the earliest in point 
of record, of aquatic-adapted forms belongs to this 
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group, a curious creature without modern allies, with 
large hind feet, compressed tail, a leng snout and 
numerous slender, grasping teeth fitted for the cap- 
ture of elusive prey. These are the mesosaurs, 
found in Permian fresh-water sediments of Brazil 
and South Africa and forming part of the body of 
our evidence for the existence of Gondwanaland, 
without which their distribution is inexplicable, unless 
they were also marine. 

Truly aquatic forms, seen in the great sea turtles 
of the present and the crocodiles and certain lizards 
and snakes, were also numerous, for of the eighteen 
orders of Mesozoic reptiles six were certainly almost 
exclusively aquatic. Among these the most notable 
were three, the mosasaurs, allied to the living moni- 
tor lizards of Africa, the plesiosaurs or sea lizards, 
and the ichthyosaurs, or fish lizards, of doubtful 
lineage. The last carried this adaptation to its logical 
conclusion. 

The mosasaurs were slender marine Cretaceous 
lizards, varying in length up to thirty-five feet and 
possessing a strongly compressed driving tail, which 
may have been amplified by a fin along its upper 
margin. They must have had a marvelous sinuous 
grace as they breasted the old Cretaceous seas. Their 
paired limbs were paddle-like, with long digits com- 
posed of many bones and varying in shape in the 
different families, but probably always inclosed in a 
common integument. The snout was long and slen- 
der, and the jaws were armed with powerful re- 
curved teeth for the capture of the larger fishes 
found entombed in the same beds. The lower jaws 
had a curious flexible joint in their mid-length and 
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were loosely attached at their forward end, as 
though by an elastic ligament, the whole mechanism 
permitting the swallowing of large prey. That they 
were marine is emphatically shown, both by their 
structure and by their inclusion in great abundance in 
the sediments laid down in the interior Cretaceous 
seas, to which reference has been made, as one great 


Fig. 10.—Mosasaur, redrawn after Williston, from Water Reptiles. 
University of Chicago Press. 
locality whence hundreds of specimens have been 
had is in Gove County, Kansas, and ancther in Bel- 
gium in equivalent rocks. But, strangely enough, 
those which have thus far been found are all adults, 
with only an occasional immature specimen, and no 
true young at all. Where their young were brought 
forth, unless possibly by annual migration into the 
continental rivers, we do not know. Some day the 
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rocks may reveal them. Were the monitors of to- 
day to take to the sea as did their Megpzoic cousins, 
they might well, in the course of time, undergo a 
parallel evolution. 

The plesiosaurs were a longer-lived race, extend- 
ing from the Trias to the close of the Cretaceous, 
although none of the true plesiosaurs are known 
before Lower Jurassic (Liassic) time. With them 
the neck was long, the head small, body large and 
rotund, somewhat like a marine turtle, and with a 


Fig. 11.—Plesiosaur, redrawn after Osborn, from Origin and 
Evolution of Life. Scribner’s. 


short tail. Marine reptiles can be roughly grouped 
into the tail- and paddle-propelled types, or oar- 
propelled, as Williston’ calls them, the latter being 
the slower and less efficient method of progression. 
Usually, therefore, if the animal be carnivorous, 
chasing down its quarry, a long neck and quick-dart- 
ing head are necessary, in order that elusive prey 
may be captured by a not over-swift animal. That 
the plesiosaurs were fierce, cruel sea marauders is 
clearly indicated by their depressed, snake-like head 
and formidable teeth. Their paddles show extreme 
adaptation, comparable to those of the mosasaurs, 
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but with more numerous bones. In both plesio- 
saurs and ichthyosaurs the limb skeleton forms a flex- 
ible mosaic of bone, surrounded by a common integu- 
ment. We have no actual record of plesiosaur skin, 
but they were well protected beneath by a complex 
of bones, abdominal ribs, and hip and shoulder gir- 
dles, which formed a ventral armor. These could 
have come ashore as readily as the greater seals, such 
as the sea elephant or sea bear, in which case the 
armor would serve to resist injury. 

Ichthyosaurs, or fish lizards, of the Mesozoic are 
known from the Trias’ to toward the close of the 
era. And, as the plesiosaurs were roughly equiva- 
lent to modern seals, so these were to the whales, 
although they never attained the great size of the 
sperm and sulphur-bottom of to-day. With the 
ichthyosaurs the neck is short and not externally 
visible, the rounded head with its attenuated snout 
merging insensibly into the body, so that the entire 
contour is that of a swiftly swimming fish. The 
powerful propelling tail is vertical, as in the fish, 
in contrast to the horizontal flukes of the whales, 
but the tail fin is above the backbone, the latter 
bending sharply downward into the lower lobe. In 
the shark the spine bends upward into the upper lobe. 
Ancestral ichthyosaurs of the Trias had a rather 
small fin, but in the latest forms the propelling device 
reaches high perfection. There is also a dorsal fin, 
triangular in shape, like that of the shark or the 
porpoise. A further distinction from the plesiosaurs 
lies in the relative size of fore and hind paddles, for 
in the latter they are about equal in power, while in 
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the ichthyosaur the forward ones are much the larger, 
the rear ones diminishing as the tail becomes more 
efficient. Large eyes, powerful teeth, a naked leath- 
ery hide, with vestiges of armor along the mid-back, 
and the cutwater of the fins complete the essentials 
of our description. With certain specimens included 
young are found, always of the same sort as the 
mother and showing no sign of digestive disruption. 
The inference is, therefore, that their eggs were 
retained until they hatched, as in certain sharks, and 
doubtless, like them, there was provision whereby 
the nutrition derived from the yolk was supple- 
mented from the mother’s body, as the contained 
embryos are relatively very large. 

Their habits, as well as their structure, seem to 
have been very comparable to those of the modern 
toothed whales, porpoises, and dolphins; fishes and 
squid-like molluscs forming in each case the staple 
of their diet. Some ichthyosaurs were virtually 
toothless, although functionless vestiges of teeth 
have been seen in the jaws. Whether they paralleled 
the whalebone whales in their feeding habits is not 
known, although this has been suggested. They 
lack, however, the widely bowed out lower jaw of 
the latter, which gives room for the huge tongue, 
an essential part of the food-getting mechanism sup- 
plementing the whalebone of the mouth. 

While these three orders of reptiles were the 
superlatively adapted marine forms, there were 
others, either in part or wholly. aquatic in habits 
as well. 

Passing from the aquatic forms to those adjusted 
to terrestrial life, the creatures that stand pre-emi- 
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nent are the dinosaurs, although, if one may judge 
from the profusion of small quadrupedal trails in 
the Connecticut Valley rocks, trails which, from the 
narrow trackway and long stride, betray long-legged, 
swiftly moving, probably reptilian forms, there were 
other well-adapted terrestrial creatures which, while 
probably related to the dinosaurian stock, were never- 
theless not of that group. There is, of course, a pos- 
sibility that some of these trails are those of mam- 
mals, for these certainly existed during Connecticut 
Valley times, the uppermost Triassic, because their 
remains of equivalent age are found elsewhere—in 
North Carolina, Germany, and South Africa;—but 
that all were mammalian seems hardly probable. 

The dinosaurs which first appear in rocks of Lower 
Triassic time seem to have had their initial evolution 
as a response to climatic aridity. They were first 
quadrupedal, but soon rose on the hind feet, and, 
except for certain races which through increase of 
bulk or armament of necessity came down secondarily 
on all-fours, they remained swift moving, bipedal 
types to the close of their evolutionary career. 

We have lately learned that the dinosaurs were 
of two distinct races, whose divergence harked back 
to the very beginning of their evolution, if not 
before. One race, to which the unwieldy technical 
name of Saurischia (saurian pelvis) is given, is closely 
akin to the crocodiles; while the other, the Ornith- 
ischia (bird pelvis), is equally related to the birds. 
The former of these were carnivorous in habits, with 
powerful clutching claws and trenchant teeth, al- 
though the subgroup of amphibious dinosaurs 
(Sauropoda) departed from the normal dietary of 
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the race and became plant-feeding. The Ornith- 
ischia, on the other hand, were apparently always 
plant-feeding, the generally toothless forward part 
of the mouth being armed with a grasping horny 
beak, while the rear portion of the jaws lodged a 
battery of grinding teeth,. varying in perfection and 
efficiency in the several subgroups according to the 
manner of their food. 

Turning to the first group again, we see it diverge 
into three divisions, of which the main line were 
beasts of prey, rather small at first, but increasing 
in stature and prowess as time goes on until they 
become appallingly great, admirably fitted to combat 
and destroy the other dinosaurs which formed their 
spoil. Three dinosaurs typical of this race are: 
Anchisaurus, of the Connecticut Valley Trias, from 
seven to ten feet long, with especially powerful 
claws on the hands; Allosaurus, of the Comanchean 
of Wyoming and adjacent regions, some thirty-five 
feet over all and with proportionately smaller hands, 
but still efficient, although the talon-like hind feet 
were probably the more used in holding the prey; 
and Tyrannosaurus, of the end of the Cretaceous, 
which completes the series, a ponderous creature 
forty-five to forty-seven feet along the back and tail 
and carrying the head eighteen or more feet above 
the ground, with huge gripping hind feet, but the 
fore limbs reduced to so small a proportion that 
their value to their possessor is hignly conjectural. 
This brute was the ultimate possible expression of 
the carnivorous dinosaur, admirably adapted to prey 
upon his equally dull-witted and slow contempo- 
raries. It is extremely doubtful whether such a crea- 
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Fig. 12.—Carnivorous Dinosaurs: (1) Allosaurus, (2) Ornitholestes, 

and (3) Tyrannosaurus; after Lull, from Organic Evolution, Mac- 

millan; (4) Struthiomimus, after Osborn. First and last two drawn 
to scale, respectively. 


ture could exist to-day, even in such a big-game 
country as central Africa, for, while his rushes must 
have carried the resistlessness of immense power, the 
alert modern mammals would have little difficulty in 
avoiding them. Some rhinoceros might occasionally 
be encountered which would stand to meet the on- 
rushes, but, on the whole, the tyrannosaur would 
evidently be rather hard pressed to make a living. 


These were the Theropoda (beast—i.e., of prey, 
foot). 


MEDIEVAL BRAWN. AGE OF REPTILES 153 


The second division of carnivores were slender 
and lightly proportioned and fitted ta capture and 
devour smaller reptiles and possibly mammals and 
birds. They range in size from two and a half feet, 
Compsognathus, of the Jurassic of Bavaria, through 
Ornitholestes, the seven-foot contemporary of Allo- 
saurus, to Struthiomimus, the ostrich mimic of the 
late Cretaceous, found associated with the tyranno- 
saur. The last genus, with a length of thirteen and 
a half feet, long and slender of limb and tail, was a 
splendid cursorial type; but the amazing thing is the 
utter loss of teeth, which gives great doubt as to its 
feeding habits. It has been suggested that it may 
have been mollusc-eating, ant-eating, fruit-eating, 
any one of which is equally open to conjecture and 
devoid of direct proof. It may have been omnivor- 
ous, like the modern ostrich, and perhaps this is the 
most reasonable view, for in many ways they are very 
much alike. 

Out of the primitive theropod stock came the 
Sauropoda (lizard-footed), amphibious dinosaurs, 
creatures of such gigantic stature that the bipedal 
gait was no longer tenable. It is reasonable to be- 
lieve, however, that they were of bipedal ancestry, 
from the nature of the pelvis, and some of them 
may always have retained the power of rearing on 
the hind limbs when water-borne. All were heavy, 
almost elephantine of body and limbs, but with an 
immensely long neck and tail, the latter sometimes 
armed with a ten-foot whiplash-like terminus, their 
only apparent weapon of defense. The neck bore 
a relatively small lightly constructed head, with 
spoon- or pencil-like teeth in the front of the mouth, 
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Fig. 13.—Sauropod Dinosaurs: Diplodocus, Brontosaurus, and 
Brachiosaurus, after Lull, from Organic Evolution, Macmillan. 


which served the purpose of getting their food. 
What this was we do not actually know, but that it 
was of vegetable origin seems probable. The food 
could not have been masticated, for the teeth are 
far less efficient than were those of the beaked dino- 
saurs. The presence of highly polished quartz peb- 
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bles within the ribs of an occasional specimen points 
to a powerful muscular stomach, which, aided by 
the swallowed stones, could reduce’ the vegetable 
mass to digestible condition. 

Some sauropods, such as Diplodocus, eighty-seven 
feet in length, were relatively slender and short of 
fore limb. Others, like Brontosawrus, were more 
ponderous, but Brachiosaurus was immensely high 
in front and had a relatively short tail. Despite the 
latter’s length of not more than eighty feet, its bulk 
of forty or more tons has perhaps never been ex- 
ceeded by any creature, except the modern whales. 

These creatures were clearly water-living. The 
huge, solid limb bones, with imperfectly finished 
joints, such as one finds only in aquatic types, point 
to this. But the backbone, on the contrary, is the 
exact reverse, for here the bones are extremely light, 
beautifully designed by nature to withstand strains 
and stresses in the most efficient way. We may visu- 
alize them as wading in relatively shallow water, 
weighted down by the heavy limbs, but with great 
ease of movement of the neck, somewhat less so of 
the tail. When water-borne they probably could and 
did swim, but they show no special adaptation for 
this mode of progression. 

Their habitat was not far from the sea, in low- 
lying coastal swamps, filled with an interlacing net- 
work of streams, with occasional backwaters and 
bayous. Such regions may be seen to-day in the 
lower reaches of the Amazon, the bayous of Louisi- 
ana, and the Florida everglades.” Their initial evo- 
lution was in response to the coming of humidity in 
Jurassic times; they reached the climax of their 
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career in the Lower Comanchean; and then, except 
for doubtful straggling survivals, suddenly became 
extinct. They were an extremely widespread race 
known from Wyoming to Maryland, in Europe, 
Africa, and South America, but a group so pecu- 
liarly adapted to a certain sort of conditions as to 
be incapable of change. With a marked restric- 
tion of their habitat, due, perhaps, to continental 
elevation, they were incapable of surviving. They 
had reached the condition known as an evolutionary 
cul de sac, from which the race could not extricate 
itself. 

These were the Saurischia. The Ornithischia 
parallel their evolution quite closely, and, like the 
former, are divisible into three subgroups which 
diverged in character and habits, two of which were 
long lived, the third relatively late in appearing, but 
surviving as did the others, until the close of the 
reptilian age. These three subraces were the un- 
armored, bipedal, bird-foot dinosaurs; the armored, 
quadrupedal stegosaurs; and the huge-headed, also 
quadrupedal, horned dinosaurs, the ceratopsians. 
The unarmored forms were quick of foot, and in 
general contour and gait paralleled the carnivores 
quite closely, and, like them, were of larger and 
lesser sorts. The most notable were Camptosaurus, 
eleven to eighteen feet, of late Jurassic and Co- 
manchean time, and I guanodon, of equivalent age in 
England and Belgium. The latter was about thirty 
feet long and armed only with a curious spike-like 
thumb. Trachodon, of the late Cretaceous, closes 
the series. This is a very perfectly known dinosaur, 
for, not only have entire skeletons been found, but 
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more than one “mummied” specimen, whose hide is 
preserved, with its small tessellated,scales and no 
vestige of armor. Trachodon had a broad, duck-like 
beak, and a wonderful battery of successional teeth, 
which advanced vertically in the jaws to compensate 
for wear and which numbered five hundred in each 
half of each jaw—in all, two thousand! The laterally 
compressed tail was well adapted for swimming, 


Fig. 14.—Unarmored Plant-feeding Dinosaurs: (1) Trachodon and 
(2) Camptosaurus, after Lull, from Organic Evolution. Macmillan. 


while the hands and feet were webbed. The crea- 
ture could doubtless travel well ashore, but, when 
hard pressed, take to the water and swim with the 
ease of a crocodile, for its amphibious-aquatic habi- 
tat, like that of the sauropods, had reappeared, 
at least locally. 

The stegosaurs are among the most remarkable 
of dinosaurs, having abundant armor, sometimes 
coalesced into a firm shield over the rump. Others 


ra 
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were bedecked with spines borne variously over their 
person, although it is not always clear where they 
belonged. Stegosaurus itself, which gives its name 
to the group, is not typical, as it culminated an 
aberrant side line which did not survive the sauro- 
pods and was contemporaneous with them. Stego- 
saurus possessed armor in the form of huge bony 


plates, which, instead of lying flat, like the slabs of 


Fig. 15.—Armored Dinosaur, Stegosaurus, modified from Lull. 


a roof, as its name implies, stood on edge in two 
alternating rows along the neck, back, and tail. The 
latter bore toward the tip a number, generally four, 
of spines, which must have formed an admirable 
weapon of defense against the attack of the contem- 
poraneous carnivore, Allosaurus. But perhaps the 
most remarkable feature of Stegosaurus was the 
extremely diminutive brain, about equal to that of 
a kitten, associated with a body as large as that of 
an elephant. Back in the sacrum, however, that 
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region of the vertebral column which lies between 
the hips, the neural canal dilates enormously, so 
that, if the contained spinal cord approximately filled 
it, it formed a resultant mass twenty times the bulk 
of the brain. This probably innervated the huge 
tail, the hind limbs, and the hinder part of the trunk, 
and illustrates in the most graphic manner the domi- 
nance of muscular force over intellect in this armored 
colossus. 


Fig. 16.—Horned Dinosaur, Triceratops, after Lull, from Organic 
Evolution, Macmillan. 


The last of the armored dinosaurs, Ankylosaurus, 
had no upstanding plates, but the six-foot-wide body 
was incased in a tremendously thick coat of mail, 
and the heavily armored tail terminated in a huge 
bony expansion, like a medieval battle mace—a truly 
impregnable beast! 

The Ceratopsia, or horned dinosaurs, were huge 
quadrupeds, comparable in many ways to the rhinoc- 
eros among mammals, except for the heavy rep- 
tilian tail. Their most remarkable feature was the 
head, which was not only larger than is usual in a 
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dinosaur, but was prolonged backward over the neck 
and shoulders into a widely expanded crest or frill, 
which seemed to serve the dual purpose of protection 
and of providing leverage for wielding the head. 
The face bore horns, which varied in number from 
one to three, the more primitive (4.e., Monoclonius) 
possessing one on the nose, the later forms (Tricera- 
tops) an additional pair above the eyes. As the latter 
increase, the nasal horn diminishes in evolution until 
in some (Diceratops) it becomes obsolete. The rela- 
tive development of these horns, especially those 
above the eyes in Monoclonius, seems to have been 
a sex character, as in modern ruminants. The method 
of combat of these creatures was doubtless a head-on 
charge, the crest deflecting the thrust of the horns, 
as in the medieval combats between rival knights 
with lance and buckler. That they fought is evident 
from the broken and healed horns and pierced crests, 
the “cruel dints of many a bloodie field,” and there 
were doubtless many superficial wounds which would 
not result in injury to the bone. As in other dino- 
saurs, the brain is again small, occupying but a small 
fraction of the huge head, but it is better than that 
of Stegosaurus, for the implied tactics of combat 
necessitated more manceuvering than in the latter. 
Horned dinosaurs are confined to the Upper Cre- 
taceous and almost entirely to our own West. The 
Mongolian expedition of the American Museum re- 
ports the finding of their ancestor’ in central Asia. 

We get three main vistas of dinosaurian life, 
largely the result of preservation and subsequent 
revelation, rather than of marked variation in num- 


1 Granger and Gregory, 1923. 
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bers, in the Trias in Europe, South Africa, and 
the Connecticut Valley. All of the actual skeletons, 
but one or two, are those of carnivorous dinosaurs 
and show that a wide range structurally and geo- 
graphically had been attained before the close of 
the period. Of the beaked dinosaurs, while the 
skeletons are extremely rare and imperfect, the foot- 
prints on the Triassic sandstones of New England 
and New Jersey reveal their existence and something 
of their range of size. 

Continental Jurassic rocks are extremely rare in 
North America, and terrestrial animals are infre- 
quently found in marine strata. The dinosaurian 
record is almost a complete blank for this long period 
of time, unless the Morrison formation be consid- 
ered as of Upper Jurassic age. In the Old World 
the record is more complete, but it is not until the 
beginning of the Comanchean in rocks of approxi- 
mately equivalent age in the Old World (Wealden) 
and in the New (Morrison) that the wonderful pro- 
fusion of these creatures becomes evident. For here 
are found in abundance representatives of all of the 
evolutionary lines, except the horned dinosaurs, 
which, as we have seen, do not make their appear- 
ance until Upper Cretaceous time. The Comanchean 
was not only the time of greatest profusion, but the 
huge sauropods add a note of immensity to the 
group, as Stegosaurus does of grotesqueness. Here 
the amphibious-aquatic habitat, with abundance of 
plant food, reaches its greatest expansion. 

With the Cretaceous, especially toward its close, 
we get another marvelous vista, but the character of 
the assemblage seems changed, for the sauropods are 
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gone and the armored dinosaurs are of a more con- 
servative sort, and the horned dinosaurs have come 
to add their note of bizarrerie to the assemblage. 
The carnivores are’ mightier, and the unarmored 
plant-feeders have usurped, at least in part, the am- 
phibious habits and habitat of the sauropods. In the 
Red Deer region of the Province of Alberta, Canada, 
in rocks of Upper Cretaceous time, although not the 
uppermost, a most curious assemblage of dinosaurs 
has been found, often entire mummied carcasses, so 
that little is left to the imagination in restoring them 
to their living appearance. All of the groups are 
represented—carnivores, both large and small, unar- 
mored, armored, and horned, but, with the exception 
of the first, they all agree in being curiously aber- 
rant, which is manifest largely in the development 
of spines and excrescences, giving them a grotesque- 
ness which out-dinosaurs the more conservative of the 
race. And later, in the final age of the Cretaceous, 
the Lance formation, the grotesque have gone and 
the more conservative types only survive. It is as 
though a wave of racial abnormality had passed over 
the dinosaurian fauna and ebbed again, leaving them 
as before, except for a normal evolutionary advance. 
And, although as yet the idea cannot be proven, one 
cannot help feeling that we have here a curious re- 
sponse to peculiar environmental conditions, possibly 
chemical rather than physical or climatic, which re- 
acted on the entire fauna, probably through the duct- 
less glands. It is well known that such conditions 
occur to-day, with a consequent prevalence of mal- 
adjustment, in domestic animals and in man, and it is 
equally reasonable to suppose that they may have oc- 
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curred locally in the geologic past. The idea lends 
itself to fruitful speculation and possibly to experi- 
mental research on the living relatives of the group. 

Of the dinosaurian extinction, which occurred with 
such tragic suddenness at the close of the Mesozoic, 
much has been written, but nothing proved. Of its 
significance we will speak-later; it suffices now to 
review the possible causes. 

Internecine warfare—carnivores against herbivores 
and each among themselves, until none were left— 
seems hardly adequate, for there is always main- 
tained a balance of nature, and, as the destroyers 
become more numerous and aggressive, the victims 
meet the attack by improved weapons and physical 
prowess and by increased fecundity. It is true, how- 
ever, that in creatures of great size and slow maturity 
the number of young are fewer and the chance of 
survival to an age of adequate self-defense materi- 
ally lessened. 

A new race of enemies may have arisen, either by 
immigration or by a rapid evolutionary expansion. 
Such a réle might have been filled by the mammals, 
but all that are known to us are small, and, even 
though bloodthirsty, could hardly have destroyed 
an adult or even half-grown dinosaur. It has been 
suggested, probably half humorously, that the mam- 
mals attacked the very young, possibly while yet in 
the egg, and certain among the mammals, with long, 
sharp, piercing teeth in the front of their mouth, 
have been looked upon as the possible culprits. It 
may well have been that, having undergone a mar- 
velous evolution, extending over a dozen millions of 
years, the race had run its course and come to a nat- 
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ural senescence and finally to racial death. Geo- 
logically a basic cause may lie in the so-called Lara- 
mide Revolution, which closes the Mesozoic era— 
a period of extensive mountain-making and of con- 
tinental elevation, one of the results of which was 
the final withdrawal of the great Cretaceous sea and 
the drainage of the old dinosaur habitat. Whether 
this in itself would be sufficient, or whether there 
was some unrecorded temperature drop, to which 
the sensitive reptiles could not adapt themselves, 
is not known. The plant life crosses the interval 
between Mesozoic and Tertiary without sensible 
change, while the reptilian life, not dinosaurs alone, 
but the great reptiles of the sea as well, met a 
barrier, the resistance of which they could not over- 
come, and perished. 

Yet another direction of adaptation wherein the 
reptiles were proficient was the aérial or flying. 
Passage through the air in more or less sustained 
flight has been attained by the vertebrates upwards 
of thirty times,’ an estimate based almost entirely on 
recent forms, for we know nothing of gliding adapta- 
tion among prehistoric creatures, with the exception 
of one or two fossil flying fishes. The various meth- 
ods of aérial progression include that of volplaning 
from a higher to a lower level, sustained by some 
sort of parachute-like extension of the skin, the so- 
called patagium, which, in turn, is supported by the 
limbs, their digits, and the tail, and which extends 
outward from the sides of the body. This contriv- 
ance enables the animal to make long, gliding leaps 
of considerable extent, as, in the case of the early 


1Lull, 1917, p. 266. 
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stages of experimental human flight, with a motorless 
glider. 

A rarer adaptation is that of true flight, which can 
be more or less indefinitely sustained, comparable to 
the airplane with power. The insects alone, among 
invertebrates, have acquired it, while among verte- 
brates it has been thrice evolved, if we omit the 
somewhat questionable flight of the flying fishes. Of 
the true fliers the oldest evolution, in point of time, 
is that of the pterodactyls, winged reptiles of the 
Mesozoic, the second that of the birds, and the third 
the mammalian bats. Of these the first are entirely 
extinct, as they did not survive the Cretaceous, but 
their adaptation was so perfect that they are worthy 
of detailed discussion. There are so many points 
of comparison between the pterodactyls and the birds 
that they cannot be the result entirely of convergent 
evolution of unrelated stocks. They seem, on the 
contrary, to be evidences of parallel evolution of 
creatures of common ancestry, but whose flying 
mechanism differed markedly, due to the assumption 
of warm blood and feathers on the part of the bird. 
The pterodactyl, on the other hand, shows no evi- 
dence of feathers, nor of warm blood, although the 
lack of positive evidence does not prove the non- 
existence of these features. 

The pterodactyls' make their appearance most 
abruptly in rocks of lowermost Jurassic time and are 
already completely adapted for flight. We have no 
knowledge, therefore, of their early adaptation 
before flight was attained, nor of their lineage, other 
than by structural affinities. They seem to have . 


1 Seeley, 1901. 
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arisen from the stock which produced both the beaked 
dinosaurs and the birds. 

The principal pterodactyl characteristics are: size, 
in range from that of a sparrow to the mightiest 
of flying forms, with a wing expanse of twenty-six 
feet nine inches." They were small of body, with a 


Fig. 17.—Pterosaurs, flying reptiles: Pteranodon and Rhamphorhyn- 
chus, redrawn after Lull. 


prominent keel to the breastbone, as with flying 
birds and bats, a rather long neck, with a light skull 
set at a right angle with it, and a variable tail, for 
in some the tail is long, with a terminal steering 
rudder, while in others it is extremely short and 
almost functionless. The bones are all highly pneu- 
matic, those of the largest being like cylinders of 


1 Eaton, 1910, p. 38. 
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blotting paper, although in the fossil they are always 
crushed flat. The fore limb was the majn supporting 
and propelling organ, as in the birds, but the ptero- 
dactyl differs from the bird and agrees with the bat 
in that the hind limbs are involved in the flight 
mechanism, whereas in the bird the hind limbs are 
free and exhibit a running, swimming, or climbing 
adaptation. 

The pterodactyl wing includes a four-fingered 
hand, in which the first three digits were free and 
clawed, while the fourth was greatly elongated and 
strengthened and formed the main support of the 
membrane. The fifth digit is lacking, a loss which 
evidently preceded the development of the wing. 
The wing membrane itself has been preserved in 
certain marvelous specimens from the Upper Jurassic 
lithographic limestone of Solenhofen, Bavaria, the 
same locality which produced the earliest bird, Arch- 
eopteryx, and the smallest known dinosaur, Comp- 
sognathus. The original specimen, known to science 
as Rhamphorhynchus, now in the Yale Museum, has 
a wing membrane which is as delicate as that of a 
bat. The steering rudder, supported by delicate 
spines, is also produced. The hind limb is much 
feebler and the knee is rotated outward, as in the 
bat, making the limb very inefficient for ground 
progression. Pterodactyls, with their three hook- 
clawed fingers, must have climbed at least as well as, 
if not better than, the bats, and one can readily 
imagine quite similar habits, at any. rate, on the part 
of the lesser Jurassic forms. These smaller types 
seem to have been insect-feeding, as are the smaller 
bats, for their jaws, which often do not readily meet 
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throughout their length, are filled with slender teeth, 
which interlocked when the mouth was closed. The 
great Cretaceous ones, like Pteranodon, were tooth- 
less, with an elongated, laterally compressed beak, 
cut away below in such a manner as to imply the 
existence of a pelican-like throat-pouch for the reten- 
tion of captured fish. The small chest of Pterano- 
don does not give evidence of great driving power, 
and it is extremely questionable whether it could do 
more than soar, much as does the albatross, which 
follows a ship for miles on practically motionless 
pinions. This, while an amazing feat, lacks the 
mystery that it had before the recent development 
of human gliding in engineless airplanes. This can 
be done only on a windy day, but then the duration 
of flight seems to be limited only by the endurance 
of the. aéronaut. The albatross cannot soar in calm 
weather, but flaps heavily all the time. It is pos- 
sible that Pteranodon could not get into the air on a 
quiet day, but in a breeze was as efficient as are either 
of the others. Like the albatross, it was a seafaring 
creature, as its remains are found far from the for- 
mer shores of the Cretaceous sea, but whether it 
could paddle along on the water with its rather feeble 
feet and very cumbersome wings is not so clear. 
Pterodactyls must have been abundant, as their 
remains are far commoner than are those of con- 
temporaneous birds. It is quite possible, however, 
that we do not know their full range of kinds, for 
almost all that are preserved to us are found in 
marine sediments. The cause of their final extinc- 
tion was not directed to them alone, as they appar- 
ently disappear, together with most other reptiles, 
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in the widespread reptilian elimination at the close 
of the Mesozoic age. That flying forums survived 
that wholesale extinction in the warm-blooded birds 
seems to point to a temperature inhibition in the 
case of the cold-blooded reptiles. 

The birds show many points of resemblance with 
the beaked dinosaurs, so many that our best authori- 
ties derive them from a common stock in the Trias. 
We feel, however, that the divergence must have 
preceded the Mesozoic, for in Permian glaciation we 
see a climatic incentive for warm blood. The prin- 
cipal diagnostic characteristic of the bird is its 
feathers. These are of two sorts—clothing feathers 
for the retention of bodily heat, and the feathers of 
flight. In the feather nature has evolved a master- 
piece, as it is probably the most intricate single struc- 
ture in the animal kingdom. The quill, or central 
shaft, bears lateral barbs, these, in turn, many bar- 
bules, which articulate with those adjacent by tiny 
hooklets, so that the entire feather becomes a won- 
derfully light air-resisting membrane. The total 
number of parts is very great. Degenerate clothing 
feathers, as well as those found in flightless birds, 
ostrich and kiwi, lack the hooklets, and hence the 
sustaining power of the feather. So far as we know, 
this structure, a highly modified reptilian scale, is 
unique in that it has apparently been evolved but 
once. 

The wing of the bird differs from that of either 
pterodactyl or bat in having but little wing mem- 
brane. What there is may be a vestige, or it may 
never have been larger than it is to-day. For it is 
difficult to understand why, after having developed 
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Fig. 18.—Three Stages in the Evolution of Bird Flight: Tetrap- 
teryx, after Beebe; Archeopteryx and Pigeon, redrawn after Lull. 


the power of membrane flight, it should have been 
relinquished. Feathers have two great advantages: 
first, ease of repair of the wing by mere replacement 
of a feather, while tearing of a membrane must have 
been a serious casualty, difficult to restore; second, 
the feathered wing does not involve the body or 
hind limb and makes for better flight, giving a double 
adaptation of fore and hind limb so necessary in an 
efficient aérial form. 

The origin of birds is gradually being worked out, 
although as yet there is little direct evidence. For- 
tunately we have in Archeopteryx of the Upper 
Jurassic, a splendid example of a transitional type, 
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a reptilian bird. ‘The changes undergone in the 
evolution of this form into the modern type are 
readily understandable. It is in what lies back of 
Archeopteryx, and especially how avian flight was 
acquired, that there is room for conjecture. There 
are to-day two great groups of birds, the flying, or 
carinate, and the running, or ratite, birds. There 
is some question as to the solidarity of the latter as 
a natural group. They are all characterized, how- 
ever, by a keelless or raft-like breastbone, long run- 
ning hind limbs, reduction of the wing to a vestige, 
which varies in the different genera, and other 
important anatomical features. Certain authorities 
have claimed that these ratite birds, which include 
the ostriches, emus, cassowaries, and the giant flight- 
less moas of New Zealand, recently extinct, are of 
separate lineage from the carinates. It seems hardly 
probable, however, that they had independently ac- 
quired the power of flight and subsequently lost it 
as a race, but rather that the birds, as a whole, repre- 
sent but a single evolution of flight. 

The Mesozoic birds are extremely rare, the Upper 
Jurassic sediments producing the three specimens of 
Archeopteryx, one of them, that in the Berlin Mu- 
seum, being very perfect, that of the British Museum 
lacking the head. Archeopteryx was about the size 
of a crow, with a toothed skull, three free’ fingers 
in the hand, a rather feeble shoulder girdle, implying 
no great powers of flight, with a long, reptile-like 
tail, the feathers of which were borne in series on 
either side. In the course of its evolution into the 


1Pycraft (1923) thinks the second and third were combined to support 
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modern bird, the second and third fingers unite and 
become the main support of the wing, the thumb 
remaining free and bearing what are known as the 
bastard quills. The tail shortens and the distal 
segments are united into the ploughshare bone, the 
tail feathers being arranged to radiate from it fan- 
wise. Teeth are present in all known Mesozoic 
birds, although it is probable that they were even 
then absent in herbivorous forms, which are as yet 
unknown, all the Cretaceous species thus far dis- 
covered being marine birds from the inland Creta- 
ceous sea. 

Of these the Yale Collection contains some unique 
specimens, including two type skeletons of Hesper- 
ornis, a toothed, flightless, diving bird, with implied 
habits comparable to those of the modern loons. 
Hesperornis was a magnificent creature, over three 
feet in length, but with a very much reduced wing 
represented by a single slender bone, the humerus, 
and a raft-like breastbone, that at first sight seems 
to show affinities with the ostrich. Apparently it 
is merely a convergent adaptation. 

The other birds, Ichthyornis, of which there are 
also two—the only known specimens—are much 
smaller, well endowed with the power of flight, 
and remind one of the small sea swallows or terns 
of our modern seas, but differing from them in 
being possessed of teeth. We surely do not know 
all of the Mesozoic birds, since the half-dozen spe- 
cies come largely from two single localities, in Sol- 
enhofen, Germany, and Gove County, Kansas, which 
manifestly can represent but two out of many pos- 
sible habitat conditions, Solenhofen being an ancient 
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coral atoll in the ocean and the Kansas locality well 
out from shore in the Cretaceous seg. Other condi- 
tions would give rise to varying feeding adaptations, 
with a consequent structural alteration of the mouth 
and feet, probably with the loss of teeth. With the 
close of the Mesozoic, therefore, it is safe to assume 
that birds were essentially modernized in every 
respect and that their subsequent evolution has been 
merely one of detail. They are and always have 
been a very homogeneous group, as compared, for 
instance, with the dinosaurs, although the birds have 
been raised to the rank of a class, whereas the dino- 
saurs represent but a subdivision of the reptilian 
class. 


Reptilian Extinctions and Survivals 


Discussion has already been made of the extinction 
of the dinosaurs, together with the statement that 
the destruction of reptilian forms at the close of the 
Mesozoic means much more than that, for out of 
eighteen known orders, but four survive the passing 
of the era. To what this could have been due we 
cannot tell. There was no competition with the 
higher race to the detriment of the reptiles, but 
rather was it the other way round, the mammals 
existing, but not prospering, during the reptilian 
age. Hence the psychic limitations of the reptiles, 
which might have weighed heavily against them in 
other circumstances, did not of necessity limit their 
chance for survival at all, when none was better than 
another in this regard. It is difficult to imagine any 
sort of biotic competition. I do not know to what 
extent reptiles are subject to germ diseases. Internal 
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parasites they must have, but, as a rule, these serve 
only to keep their hosts in check and thus maintain 
nature’s balance and: do not serve to eliminate them. 
Of insect-carried diseases another tale may be told, 
for we know they have had a profound influence on 
mammalian and human destinies. One feels instinc- 
tively that it is the changing physical environment 
which is responsible for the reptilian passing. The 
upward course of evolution is long, resulting often 
in specialized forms, incapable of radical change to 
meet newly arising conditions. With such the im- 
petus which sends them off the stage into oblivion 
may be very slight, especially as compared with the 
prolonged effort of their making. 

Living reptiles were such as survived the Meso- 
zoic, for but one order, represented by a single 
genus, has been blotted out since. Among them are 
the turtles, of ancient lineage, known as fossils 
since the Triassic. These have changed but little 
since that day and are adapted to the desert, woods, 
meadows, swamps, rivers, and the high seas, just as 
they were during the Cretaceous. The crocodiles 
are rather numerous, but are to-day restricted to the 
swamps, rivers, estuaries, and seas within tropical or 
subtemperate regions. Their wider geographical 
extent in Mesozoic times merely points to a wider- 
spread tropical climate, not to any adaptive change. 

Both lizards and snakes date from the Mesozoic 
and both are thriving groups, except where the hand 
of man has interfered. The snakes are of necessity 
limited in adaptation, because of their loss of limbs 
through specialization in Mesozoic time. Even with 
this handicap, their range of habitat exceeds that of 
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the turtles, for they also include climbing forms. 
The lizards, on the other hand, constitute a very 
detailed group, one of apparently great potentiali- 
ties. It is curious the extent to which various ones 
among them mimic the several orders of reptiles of 
ancient times. Doctor Matthew is credited with 
saying that, were all other forms of terrestrial ver- 
tebrates blotted out, so as to eliminate unendurable 
competition, the lizards might, in the course of time, 
repopulate the earth with forms in every way com- 
parable to those of the reptiles of the Mesozoic. 


CHAPTER VII 
MODERN CUNNING 
Age of Mammals 


Tue Laramide Revolution, of which we have 
spoken, was comparable to the period of the Renais- 
sance in human history. After a long era, when 
brute force was dominant, came the close of the dark 
ages and not so much the revival of learning as the 
birth of intelligence, for now for the first time in 
animal history the psychic factor is at a premium. 
The reptiles of the Mesozoic were undoubtedly a 
very marked improvement over the vertebrates of 
the Paleozoic, but their whole life was essentially 
physiologic, rather than psychologic, although such 
was their physical prowess and their usurpation of 
every place in the environment that the higher forms 
(z.e., the mammals), which undoubtedly existed, had 
no chance of meeting successfully such competition. 
There seems to be little or no reason why mammalian 
adaptive radiation should not have occurred millions 
of years before it finally did, other than this most 
effective check. We feel that mammalian begin- 
nings lie far back in the Permian, when the climatic 
incentive to warm blood was manifest; it is probable, 
however, that the perfection of the various mam- 
malian characteristics covered a long period of time, 
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and the mammals, as we now know them, even the 
primitive ones, do not antedate late Triassic time. 

Mammalian diagnosis includes a number of dis- 
tinctive characteristics, some of which are shared 
by no other group. These are, first, warm blood, 
a feature held in common with the birds, a hairy 
covering for the retention of heat, which is some- 
times secondarily lost and which is unique, a midriff 
or diaphragm separating the cavity of the chest from 
that of the abdomen, and a simple lower jaw, as 
contrasted with the complex one of all lower forms 
of vertebrates, articulating directly with the skull. 
In all other vertebrates there is an intervening bone. 
The teeth are differentiated into incisors, canines, 
and cheek teeth, premolars and molars, and there 
are usually but two sets, the milk dentition and the 
permanent. Finally, because of its importance, there 
is the mammalian method of nourishing the young 
before birth, and after birth by the milk or mammary 
glands. Of these several features a number may 
be lost through specialization; yet others, notably 
the device for the nourishment of unborn young, 
have not yet been attained by the most primitive egg- 
laying types. Hair may be partially or almost 
wholly lost. Teeth may be reduced or totally sup- 
pressed, or become secondarily simplified and sim- 
ilar in form throughout the mouth. 

In size the mammals range enormously from the 
least shrew, weighing but an ounce or so, to the 
greatest of whales, whose length up to one hundred 
and ten feet and weight of a hundred tons make 
them dwarf even the mightiest of dinosaurs, at least 
in bulk, if not in length. 
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Their habitat range covers the entire possibility of 
living creatures, except that none are parasitic or 
deep sea, nor can they live in hot or chemically 
saturated waters, as do certain invertebrate types. 
One remarkable advantage is possessed by them over 
the reptiles and amphibians, and that is their relative 
independence of temperature restrictions, a feature 
which they share with the birds and which adapts 
them to the condition of the zonal climates of Terti- 
ary and modern times, which placed a decided habitat 
limit on the cold-blooded types. Ancestrally the 
mammals were terrestrial beings, although Matthew" 
has brought forth partial proof that some, at any 
rate, of the primitive types, if not all, were tree 
dwellers. Once on the ground, they went out along 
the several possible radii of adaptation, the most 
notable departures being the splendid aquatic whales, 
seals, and sea cows, and the aérial bats. 


Mesozoic Mammals 


During Mesozoic times mammals were locally 
numerous, if one may judge by the profusion of 
specimens obtained from certain sediments. They 
are generally found in association with dinosaurian 
remains and bear a direct numerical ratio to the 
latter. ‘That this is in part due in each case to happy 
accident of preserval and discovery there can be no 
doubt, and, while future finds may not reveal the 
entire time distribution of either, owing to destruc- 
tion of the fossil-bearing rocks, yet it is reasonable 
to suppose that the numbers of both mammals and 
reptiles fluctuated but little after they were once 
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established on their evolutionary course. From 
Triassic rocks but few specimens have come to light, 
two from a coal mine in New Egypt, North Carolina, 
a few from Germany, and some from South Africa. 
Jurassic mammals are entirely absent from the Amer- 
ican continent, but we have already spoken of the 
almost utter dearth of American Jurassic continental 
sediments. In Wyoming the early Comanchean has 
been remarkably productive, one quarry in Como 
Bluff having produced numbers of tiny jaws and 
teeth, now in the collections of Yale and the National 
Museum. Again one finds them in the late Creta- 
ceous of eastern Wyoming, associated with horned 
dinosaurs, as are occasional rare specimens in Mon- 
tana and Alberta. Abroad Mesozoic mammals have 
been found in the Jurassic and Cretaceous strata of 
England, including some remarkably fine examples. 

The remains ae Mesozoic mammals are so frag- 
mentary that one cannot be sure of the association 
of any two bones or teeth as pertaining to the same 
animal, or even, except in rare instances of jaws and 
teeth, of the same sort of animal. Hence our knowl- 
edge of these creatures is extremely incomplete, and 
we can judge only of approximate feeding adaptation 
and of general size, but a restoration, even of a head, 
would be a highly tentative and questionable thing. 
Jaws, either fragments or more or less complete, 
with their included teeth, numerous isolated teeth, 
rare limb and other bones, but never a skull,’ com- 
plete the basis of our knowledge of these primitive 
beings. If one may judge fromthe teeth, they seem 


1A skull of Ptilodus gracilis has been found in the basal Eocene Fort Union 
beds of Montana and is that of a surviving Mesozoic race. This is the only 
possible exception tothe above. (Gidley, 1909.) 
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to have had some divergence of feeding habits, for 
the character of the cheek teeth particularly differ- 
entiates them at once into three contrasting groups. 
Of these the first have teeth which bear one main 
and two or more flanking cusps, all of which are in 
a single linear row. In the second group the tooth 
cusps are similar, but are not in line, as the subordi- 


Fig. 19.—Mesozoic Mammal ‘Teeth: triconodont, trituberculate, 
multituberculate. 


nate ones have apparently shifted, either externally 
or internally, whether they be lower or upper, so 
that the three main cusps form a triangle or trigon. 
The third group have two or three longitudinal rows 
of small cusps on the molars. In these the premolars 
are either simpler cusped teeth or high shearing teeth 
with a serrate edge. 

The last were supposedly herbivorous in habit, 
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although the precise nature of their food, whether 
leaves or twigs or roots or fruits, is pot known. It 
is not improbable that they varied considerably 
within the possibilities of plant food, and that, were 
they entirely known, it would be found that their 
body and feet adaptations varied accordingly. Both 
the former groups were supposedly adapted to a diet 
of flesh, not in the sense of modern carnivores—they 
were too feeble for that—but more like the insecti- 
vores of to-day, whose food includes worms, insects, 
slugs, birds’ eggs and nestlings, and lizards, all of 
which are possibilities from the standpoint of time, 
place, and prowess. 


Repression and Release 


One of the most striking illustrations of the inhibi- 
tion of mammalian evolution during the Mesozoic 
is shown by the direct association in the Como Bluff 
quarry of the huge tooth of a carnivorous dinosaur 
with the tiny jaw of a mammal. This jaw, which is 
one of the largest of its time, is about the size of that 
of a weasel, and is so much smaller than the tooth 
of the dinosaur that the entire mammal would hardly 
equal the single tooth in size. The mammals may 
well have thriven in numbers and carried on their 
life with little hindrance from the dinosaurs, espe- 
cially if the former were tree-inhabiting, but their 
disputing the overlordship of the jungle with the 
reptile is inconceivable. It was like the association 
of such feeble folk as rats and mice and the lordly 
tiger in India to-day. This was early in Comanchean 
time, when the Mesozoic had run about half its 
course; but in the Late Cretaceous sediments one 


182 THE WAYS OF -LIPE 


finds the same association in death of dinosaurs and 
mammals, and, while the former have increased 
greatly in size and prowess, the latter, except for the 
more specialized teeth of the presumably plant-feed- 
ing forms, are much the same, with little or no 
increase in stature in the revealed specimens. One 
is impressed with the necessity of the elimination 
of the reptiles, if the higher forms are to advance, 
and certainly the results justify this belief, for im- 
mediately upon the ushering in of the’Tertiary comes 
the first great mammalian expansion. These are 
now the creatures of the times. 

Let us review the climatic conditions of the Ter- 
tiary, in so far as they have been revealed to us. 
While there are indications of local glaciation at its 
beginning, Early Eocene, the dawn of the Tertiary 
period, shows a climate uniformly warm and moist, 
even in Greenland and Spitzbergen, where fossil 
plants have come to light and indicate a climate com- 
parable with that of Cuba to-day. With the Miocene 
comes the beginning of continental uplift, which is 
to continue throughout the period, resulting in the 
formation of some of the grandest mountain ranges 
on earth to-day—the Himalayas in Asia and the 
Sierra Nevada and Coast ranges in our own land. 
This great uplift carries in its train climatic differen- 
tiation, with fluctuating, but generally increasing, cold 
in the higher latitudes, and also increased aridity, 
with consequent floral change, especially in the tem- 
perate regions of the world, both north and south. 
This meant particularly the reduction or elimination 
of herbaceous plants and a great development of the 
grasses, resulting in widespread prairies and steppes 
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in the northern lands and the pampas and African 
veldt in the southern. The Pliocefie was a period 
of great unrest and of most extensive mammalian 
migrations, through the establishment of land bridges 
where none had existed for centuries and the stress 
of numbers of individuals and of kinds, which en- 
forced migration. The Pliocene was, in a sense, 
a preparation for the devastating cold of the period 
of Pleistocene glaciation, which, in turn, had for its 
primal cause further continental elevation, this time 
of such magnitude as to be called a revolution, that 
known as the Cascadian. The single factor of conti- 
nental elevation will not, in itself, suffice as a cause," 
for the Pleistocene glacial period was not one of 
continual cold, but of successive advances of the 
mantling ice sheets, followed by periods of mildness, 
during which the glaciers retreated to their central 
fastnesses, if they did not entirely disappear. Geolo- 
gists now recognize no fewer than four glacial stages, 
separated by three interglacial, of greater duration 
by far than were the periods of advance. We are 
now living in what has been called the post-glacial 
or period of final retreat of the ice, but we have no 
proof of finality—indeed, there is strong possibility 
that the ice may come again. A mean annual tem- 
perature drop of seven to ten degrees Fahrenheit 
would suffice to begin once more the accumulation 
of snow and ice, but the establishment of continental 
ice sheets, comparable to those which have been, 
would probably require thousands of years. Man 
survived the former advances, when he had nothing 
at his command comparable to that given by modern 


1 Huntington and Visher, 1922, Chaps. vii, viii. 
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science, and, while certain regions would be no longer 
tenable, there is no reason to fear the destruction of 
mankind and his civilization from such a cause as this. 

With this cursory review let us see what reaction 
it produced upon Tertiary mammalian life and the 
coming of man. 


First Deployment: The Archaic Mammals 


Three directions of especial adaptation are shown 
by the mammals especially, two of which are in most 
intimate contact with the environment, those of feet 
and of teeth, while the third, that of the brain, upon 
which little premium was placed during the Age of 
Brawn, now becomes increasingly essential, if the 
animal is to survive or even hold its own in compe- 
tition with its fellows. 

The feet are of great use for safety and food get- 
ting, not so much as weapons, although often highly 
efficient as such, but for fleetness or climbing or swim- 
ming or flying, either for escape from enemies or 
overtaking of prey. Mammalian teeth, as a rule, are 
more complex of pattern than reptilian and are more 
closely adapted to the peculiar sort of diet. As a 
consequence, they form a very useful criterion for 
specific and generic determination. With the brain 
there is a definite increase, especially in the cerebral 
or psychic area, with evolutionary advance, for not 
only does the volume increase, both actually and 
relatively, with the bulk, but the outer surface, espe- 
cially in higher forms, becomes enfolded in such a 
way as to increase its area in relation to the entire 
mass of the brain. Other things being equal, the 
larger and more convoluted a brain a creature has, 
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the greater its potential intelligence. With the first 
great deployment of mammalian lift none of these 
lines of adaptation is emphasized, the so-called 
archaic mammals being apparently incapable of evo- 
lutionary advance in these very essential directions, 
except in a very limited way, for in this first radiation 
nature seemingly took the material she had at hand, 
material potentially incapable of high attainment. 
These creatures throve greatly for a while, to be 
replaced, when their race was run, by mammals of 
a higher sort, in which all three of these essentials 
could be realized. These are the modernized mam- 
mals, the actual forebears of the higher mammals 
of to-day, including man. The archaic mammals ap- 
pear in basal Eocene rocks, but by the close of 
Eocene time they had almost entirely run their 
course. They do not, in these ancient days, begin 
to show the range of adaptive radiation that the mod- 
ernized forms do, however; that is, so far as we 
know them, as they are apparently either terrestrial 
or at most arboreal and possibly amphibious or 
partially aquatic. There were, however, several 
orders of these creatures, all of which, with one or 
two possible exceptions, are entirely blotted from the 
earth. They were, to begin with, differentiated, first, 
by the manner of their feeding. Some were flesh- 
eating, resembling the modern carnivores in a rather 
superficial way, in that certain of them were dog- or 
cat-like, others like the otter, bears, or hyenas; the 
latter being by far the most successful of the archaic 
forms, for Hycnodon alone existed into Oligocene 
time. There were also animal-feeders of a lesser sort, 
the insectivores, although whether they should be con- 
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Fig. 21.—Archaic Mammals: Dromocyon, a carnivore (creodont), 
and the plant-feeding amblypods Coryphodon and Dinoceras. 
From Lull, Evolution of the Earth and Its Inhabitants. 
Yale University Press, 
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sidered as archaic, in view of the fact that certain 
of them not only survive, but also gave rise to higher 
types, is a question. Of herbivores there were two 
or three orders—those which were relatively fleet 
of foot and paralleled the flesh-eaters in their evo- 
lution and, except for apparent dietary distinction, 
are very fice them, small of brain, hence with large 
crests and arches on the skull to sustain the muscles 
needful to operate the none too efficient teeth and 
jaws. Their limbs were somewhat elongated, but 
in no way comparable to modern running types, and 
their feet were clumsy, with five toes front and rear, 
showing none of the foot specialization of modern- 
ized forms. In size they ranged up to that of a 
sheep. The remaining order were short-footed, clumsy 
types, not unlike the others at first, but increasing 
greatly in bulk, until the last of them were elephant- 
like in bodily shape and in the character of their 
limbs and feet, but differing utterly in the head. 
These creatures possessed huge, saber-like tusks, with 
a protecting flange of the lower jaw, and the skull 
bore six protuberances, some of which may have 
been horn-like structures. These animals, to which 
the name Dinoceras has been aptly given, were by 
far the mightiest and most efficiently armed of their 
day, but their brain, especially the cerebrum, is small 
to absurdity, weighing scarcely a half pound, while 
that of a modern elephant of equivalent bulk would 
weigh upward of eight, being twice the average size 
of a man’s. 

A group ot apparently Satborel sloth-like 
creatures of doubtful relationship also existed. In 
their habits they were probably not unlike the more 
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modern ground sloths and armadilloes, the so-called 
edentates. They were probably browsing types, 
feeding on succulent leaves and twigs, using their 
rather powerful claws to root up the low trees and 
shrubbery, or to tear down the branches on which 
they fed. Whether or not the living edentates of 
the new world are related to these old forms is a 
question, but the former are certainly a disappearing 
race, which at one time throve mightily, especially 
in the pampas region of South America. 


The Modernized Mammals 


These creatures were potentially capable of the 
highest mammalian evolution, especially in what we 
have seen to be three highly important directions of 
change. Not all of their descendants, however, have 
emphasized all three. The horses have, for their 
brain is fine, their one-toed feet the final perfection 
of a speed-adapted mechanism, while the grinding 
teeth, with their intricately complex columnar crown, 
have most efficiently conformed to a grass-eating 
diet. The elephants have evolved a highly special- 
ized dentition, a huge and very capable brain, but 
their feet, except for a special device for carrying 
their great weight, are essentially old-fashioned— 
much like those of Dinoceras. With man, who usu- 
ally considers himself at the summit of the animal 
kingdom, the brain alone is emphasized, the teeth 
being fewer in number than were those of his ances- 
tors, but, except for increase in size, showing little 
or no adaptation, as compared with those of the 
horse or elephant. Man’s hand is also archaic, with 
the five well-developed digits, the opposable thumb 
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and better psychic control being about the extent of 
its evolutionary advance. The foot has gone some- 
what further, but is in no way comparable to that 
of the horse. This does not mean that either the 
feet of the elephant or the feet and teeth of man 
have lessened their chances of survival. They were 
both capable, ancestrally, of meeting the environ- 
mental requirements to the full. 

The incursion of these modernized mammals is a 
most notable historic event. The front rank of the 
invaders, ancestors of horses, camels, carnivores, and 
primates, begin to appear early in the Eocene, before 
the archaic creatures had reached their culmination, 
and they come in a series of drives, the archaic forms 
being no longer able to endure the competition with 
the more capable and gradually beginning to lose 
ground, until by the end of the Eocene they are, 
with one exception, Hyenodon, entirely replaced by 
the higher races. Whence the modernized creatures 
came is hardly doubtful, for they are found simul- 
taneously in Europe, down to the fiftieth parallel, 
and in North America to the fortieth. They can 
scarcely, therefore, have migrated from either one 
to the other, but must have come from-some con- 
tiguous land mass, either a circumpolar region, of 
which the northern American archipelago, Green- 
land and Spitzbergen, are remnants, or possibly from 
northern Asia, which is thus far a terra incognita 
from the paleontological point of view. Here it is 
thought these creatures underwent their preliminary 
evolution, probably in late Cretaceous time, for by 
early Eocene they have already become clearly dif- 
ferentiated into their several orders, so that, except 
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for certain of the obscurer groups, there is no question 
as to what they will ultimately become. That their 
antecedent evolution was already well advanced is 
further attested by the degree to which specialization 
had gone when first they make their appearance. 
Thus, the earliest known horse-lke animal, Eohip- 
pus, has already had the number of its digits reduced 
from the ancestral five to four in front and three 
behind, and it is not until Oligocene time, a million 
or more years after their first appearance, that the 
fourth digit is lost from the hand. The general 
bodily contour, form of the head, adaptation of the 
teeth for herbage and the limbs for speed, are all 
far removed from the condition of any known Meso- 
zoic mammals. It is possible that even in Cretaceous 
time the northern climate may have become more 
stimulating than that of the dinosaur-infested lower 
latitudes, and that, as a consequence, these creatures 
could advance more rapidly and without the environ- 
mental inhibition, both climatic and biotic, that made 
the archaic mammals what they were. Increasing 
cold in the northland seems to have been the prime 
cause of the southward migration of the modernized 
hordes, acting not only directly, but indirectly 
through its influence on vegetation. Thus the 
primates, with rare exceptions, such as the baboons 
and man, require tropical forests for their susten- 
ance, and, as they are to-day, so they apparently 
always have been, confined to areas where an abun- 
dance of easily obtained food is procurable the year 
round. There is indirect evidence that primitive 
man may have spent the winters during the periods 
of glacial advance in a state of semihibernation, but 
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this is true of no other primate. Thus, as the north- 
ern limits of the tropical forest retreatéd to the south, 
before the advancing cold, so their denizens must of 
necessity migrate hitherward also. The result of 
this invasion, so far as the archaic mammals were 
concerned, was disastrous, for over against them, as 
with no other animal assemblage, was written that 
memorable indictment, “Mene, mene, tekel, uphar- 
sin. Thou art weighed in the balances, and art 
found wanting.” Their fate was varied: some lin- 
gered on in competition with the higher animals 
until, unable to endure, they died; others may have 
given rise to certain of the higher types and by 
mutation survived, when they could not in their 
original condition. It seems hardly just to call such 
as they archaic, unless the term be applied to the 
basal Eocene creatures of the middle latitudes, re- 
gardless of potentiality. Yet others were driven 
southward across the land bridge into South America, 
where, with a questionable admixture of African 
creatures, they gave rise to the remarkable indigenous 
South American fauna which science’ has revealed 
to us, and which throve during a long period of 
geographical isolation, extending over at least three 
million years. Yet others of them continued on, 
crossing a land bridge, by way of what is now the 
isolated Antarctic continent, until they came to Aus- 
tralia, where they still persist in the remarkable 
marsupial or pouched mammalian fauna of that 
realm. These are the Tasmanian wolf and devil, 
the bandicoots, wallabies, and kangaroos, and their 
like, and represent a group which, with the exception 
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of the American opossums and one other, is elsewhere 
utterly extinct. 

The modernized.mammals form too large a group 
to be discussed im extenso. A brief survey of what 
they are, together with a more detailed discussion of 
some one group, is all that space permits. 

These creatures include the insectivores, such as 
the shrews, moles, and hedgehogs, small animals of 
rather varied habits, but with sharp cusped and 
pointed teeth, suitable for the destruction of feeble 
animal prey. They are an ancient group, some of 
which represent little-changed survivors of early 
Eocene time. Related to the insectivores are the 
bats, the third successful attempt on the part of the 
vertebrates to attain true flight. A living insectivore, 
the so-called flying colugo, of Siam and the East 
Indies, gives a clue to the method whereby the bats 
may have evolved, for in it the flight membrane is 
greatly developed. It could not be more so, and 
the mere elongation of the fingers of the hand would 
convert the beast into a bat-like creature. It may be 
a bat, spoiled in the making, as it were, for, while 
it holds the record for long soaring leaps, seventy 
yards with a drop of less than one in five, it holds 
the limbs outstretched stiffly, and a non-flapping form 
has apparently never yet developed true flight. 

Next above the insectivores come the primates, 
including the lemurs or “half-apes,” whose head- 
quarters are now the island of Madagascar and the 
adjacent African continent, although they actually 
extend to the Orient. They represent the survivors 
of the primitive primate stock, the ancestors of which 
are known from the Eocene rocks of North America 
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and Europe. Higher than these are the New and 
Old World monkeys, representing two parallel lines 
of evolution of the primate stem, that of the Old 
World culminating in the great apes and man. 
There is no reason to believe that the New World 
stock ever gave rise to. anything higher than a 
Capuchin or spider monkey, comparable to the tailed 
monkeys, macaques, etc., of the Old World. A 
further discussion of the primate group is reserved 
for the succeeding chapter. Primates came out of 
the insectivores, and the latter also gave rise to what 
are, in many ways, the highest of mammals, the true 
Carnivora, dogs, bears, raccoons, civets, weasels and 
their allies, hyenas, and cats. The seals and sea- 
lions also are related. 

The true Carnivora differ from the archaic flesh- 
eaters mainly in the greater perfection of their denti- 
tion, in that certain teeth, always the same ones, have 
become modified as shearing teeth for the more efh- 
cient rending of flesh. Their brain is larger and 
finer, and, as a consequence, the more ample brain 
case affords sufficient muscle attachment, without the 
development of such extraordinary crests and ex- 
pansions of the skull as in the archaic types. The 
entire head of the modern form may be no larger, 
but the percentage of brain to bulk in the head alone 
is far greater. The dogs are the most primitive of 
true Carnivora, but even here the limbs are far better 
adapted for speed than in any archaic form. The cats, 
on the other hand, are the most highly specialized, 
with lithe, supple body, fine limbs, with their re- 
tractile claws, fine brain, great physical prowess, and 
very specialized dentition. Paleontology has revealed 
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two distinct races of cat animals, differentiated mainly 
in the head and mouth armament, but in part in the 
limbs and body as well, as a habit response. The 
one group which still survives is the biting cats, which 
kill their prey by crunching through the neck or 
body. With these the lower and upper canine teeth 
are approximately equal in size and power. The 
other race includes the stabbing or saber-tooth cats, 
in which the upper canines are developed into huge 
dagger-like tusks, those of the lower being propor- 
tionately much smaller. As we infer their mode of 
attack from the revealed mechanism of their body 
and head, it is thought that they lay in wait for their 
prey, sprang upon it, stabbed repeatedly with the 
knife-like teeth, probably with the lower jaw wide 
open, as with a rattlesnake, and bled the victim to 
death. They were presumably correlated in their 
evolution with the development of thick-skinned 
forms, those which Cuvier called Pachydermata in 
his old classification, but which are now known to 
include representatives of unrelated groups. These 
were the elephants, rhinoceroses, and hippopotami, 
tapirs, and hogs. The hippos were never American, 
but the others were, and the larger of them, together 
with the recently extinct ground sloths, may well 
have formed the normal prey of these highly inter- 
esting cats. They are now entirely extinct, after 
having run a course from early Oligocene until the 
beginning of recent times. Some seem to have ac- 
quired over-specialization, due to orthogenetic evo- 
lution of the saber-teeth to the point of actual 
menace, rather than great efficiency, a degree of 
development to which natural selection would never 


MODERN CUNNING 195 


carry the organ. Be that as it may, the number of 
skulls with one or more broken sabers which have 
come to light in the remarkable Rancho la Brea as- 
phalt deposits near Los Angeles, California, out of 
some seven hundred, show that casualties of this sort 
were of no uncommon occurrence. The loss of one or 
two of a rattlesnake’s fangs is a temporary incon- 
venience only, as there are several pairs always in re- 
serve, and the creature would hardly become hungry 
before the new fangs were in commission; but with 
the breakage of a saber the great cat’s efficiency was 
permanently impaired, while with the loss of two, as 
sometimes happened, the normal prey would have 
nothing to fear, and other prey to which the beast 
was unadapted would be difficult of attainment. The 
crippled beast, like an old worn-out tiger, would be 
rather hard pressed to make a living. 

It is supposed that, while casualties like these 
would lessen the efficiency and chances of survival 
of the older animals, they would hardly suffice as a 
reason for racial extinction. The reduction of prey, 
due to the extinction of the proboscideans, rhinos, 
and ground sloths, seems to have a very vital con- 
nection with the blotting out of the saber-tooths, 
although why none of them linger in the Old World 
fastnesses, India and Africa, where pachyderms yet 
exist, is not so clear. The larger true cats have for 
their prey the thin-skinned ungulates, deer, sheep 
and goats, horses, and antelope, which they seek at 
their drinking places and destroy as a saber-tooth 
could not. These have not yet greatly diminished 
as have the pachyderms, although the hand of man 
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lies heavy upon them; hence their carnivorous ene- 
mies still survive. 

Yet other of the clawed cohort are the edentates, 
doubtfully placed with the progressive mammals, 
even though their feet are, in some instances, highly 
specialized as climbing organs, as in the sloths. The 
edentates are now but a remnant of what they were, 
the American forms being two genera of tree sloths, 
with extreme adaptation for a reversed position be- 
neath the branches of the trees in which they live. 
Late observation has shown them to be by no means 
as helpless on the ground as they were formerly 
supposed to be. Their admirable camouflage of long 
grayish hair, which makes them resemble the pendant 
“Spanish moss” of their native habitat, together with 
their extremely deliberate movements and secretive 
habits, has made for their survival. Distantly related 
to the sloths are the armadilloes, in which the body 
and tail are incased in bony armor, consisting of a 
shoulder and rump piece and a varying number of 
intervening movable segments. Their defensive ges- 
ture is to roll into a ball, stowing the tail and armored 
head into the space not covered by the carapace. 
They are then practically invulnerable. They are 
burrowing types. 

South America, during the long period of Tertiary 
isolation, produced, not only armadilloes and tree 
sloths, but ground sloths, varying in size up to that 
of an elephant, and in bewildering profusion. The 
largest were Pleistocene, and there are reasons for 
believing that they are only recently extinct.* Mio- 
cene ones, which are known in great numbers from 
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Patagonia, are smaller, ranging to the size of a 
black bear. Some of these were, evidently, partially 
arboreal, but the stature of the larger ones rendered 
tree-climbing improbable. Instead, their huge claws 
were used for uprooting trees and tearing down 
their branches, on the tender foliage of which they 
fed. Some of the later ground sloths had a series 
of small bones buried in the skin which, like a chain- 
mail shirt, must have been quite efficient in foiling 
the attack of a saber-tooth. The re-establishment 
of land connection during the late Miocene opened 
the way for an ultimate migration of the later great 
sloths into North America. It is an interesting his- 
torical note that the first description of an American 
fossil vertebrate was of one of these creatures. This 
was written by no less person than President Thomas 
Jefferson and published in 1799. He believed it to 
be a huge leonine animal, yet alive in the fastnesses 
of Virginia, for he could not understand, nor could 
his contemporaries, how any great creature could 
possibly become extinct, except through the agency 
of man. 

We have spoken of the clawed mammals and their 
derivatives, the nailed primates. There remain to 
be considered the great group of hoofed or ungulate 
mammals. Of these the principal orders, aside from 
the archaic, which are excluded from the progressive 
groups, are the Artiodactyla or even-toed ungulates, 
the Perissodactyla, or odd-toed; and the Probo- 
scidea, the mastodons and elephants. To these must 
be added a number of exclusively South American 
orders, none of which have left any modern de- 
scendants at all. The artiodactyls have the axis of 
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the feet lying between the third and fourth digits, 
in which, as a consequence, the number of digits may 
by either four or two, rarely five or three, but two 
is the irreducible minimum. They include the deer, 
oxen, sheep and goats, also the related antelopes of 
the Old World, and the peculiar prong buck ante- 
lope of the New. Related to these, the so-called 
ruminants or cud-chewers, are the camels and llamas, 
an interesting remnant of a very important American 
race, the evolution of which has been very completely 
traced from a small four-toed ancestor to the modern 
camel. These creatures possess many unique fea- 
tures, some of which, like the elliptical blood cor- 
puscles, are inexplicable in a mammal. Most of the 
features they show are the result of desert adapta- 
tion, for the camels are more perfectly attuned to 
the harsh conditions of desert life than are any other 
living mammals. Their picturesque title of “ship of 
the desert” is well applied and is the direct and indi- 
rect outcome of Miocene aridity. These desert adap- 
tive features include the long rangy limbs for speed, 
the sand-adapted padded feet, the long neck, and 
horizontal carriage of the head away from the drift- 
ing sands and reflected heat, the protected eyes, ears, 
and nostrils, keen senses, humps for food storage, 
and special reservoirs for the conservation of water 
against a time of need. Not all of these features 
are discernible, of course, in the extinct camels, but 
the change from the ancestral deer-like feet to the 
yielding, padded feet, and the carriage of head and 
neck are clearly indicated in the fossils. These fea- 
tures first appear in camels of Miocene time and are 
indicative of climatic change, even if we had no 


EVOLUTION OF THE CAMELS 


Recent 


Pleistocene 


Procamelus 
Miocene} _ 


Mesozoic or Age of Reptiles Hypothetical five-toed Ancestor 


Quaternary or Age of Man 


Ak 

o 

ie 

= 
$ES 
= 
qe 

fe) 


Age 


or 


Tertiary 


Fig. 22.—Camel Evolution Diagram, after Lull, from Organic 
Evolution. Macmillan 
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other evidence. In their evolution the camels par- 
allel the contemporary horses quite closely, in size 
increase and in foot and tooth specialization, although 
the horses are more prairie than desert types, as a 
rule. The diagram (Fig. 22) shows graphically the 
evolutionary changes which these creatures under- 
went. Like the horses, there were several evolu- 
tionary lines, adaptations to somewhat varied condi- 
tions, among which we recognize a group of small 
gazelle-like forms, with long-crowned grazing teeth, 
and another, the so-called giraffe-camels, immensely 
long of neck and limb, which in their ultimate ex- 
pression converge toward the African giraffes in a re- 
markable manner, doubtless due to community of 
habit. The main line of descent, desert-adapted, 
diverged into upland and sandy forms, the latter mi- 
grating in the Pliocene to Asia, where they still sur- 
vive, the former along the newly established land 
bridge into South America, where they gave rise to 
the domestic Hamas of the Andean highlands and 
the guanacos of the high plains of the South. The 
North American remnants died out during the 
Pleistocene, as a direct or indirect result of the period 
of glaciation. 

Another distinctively American race of artiodactyls 
were the oreodonts,’ a very characteristic group of 
animals whose geological range coincides approxi- 
mately with that of the giant swine. They were, 
however, much more numerous, both in kinds, sep- 
arate races, and in individuals. If one may judge 
from the profusion of their remains in certain locali- 
ties of the great West, they must have compared in 
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numbers with the buffalo of recent times, the mul- 
titudes of which were reckoned by the millions. The 
oreodonts began as small five-toed forms in Upper 
Eocene time and evolved into at least six distinct and 
divergent races, some partially aquatic, others ter- 
restrial. The ultimate creatures were of considerable 
size, and at least one seems to have possessed a pro- 
boscis comparable to that of the tapirs. They never 
attained marked speed, but were conservative in the 
evolution of their feet and body, the changes, aside 
from the increase in size, being confined almost en- 
tirely to the head. The teeth are typical of those 
of ruminants and are not at all like those of the 
swine. On the other hand, their feet and body show 
certain features in common with the latter, so that 
the older naturalists spoke of them as “ruminant 
swine,” a rather misleading name which has clung 
in our literature to this day. They were extin- 
guished utterly, and there is no known trace of their 
lineage in the world to-day. 

The perissodactyls or odd-toed ungulates, embrace 
three divergent groups among existing mammals, the 
horses, rhinoceroses, and tapirs, each of which have 
a lineage extending back into Eocene time. One or 
two other groups, such as the strange chalicotheres, 
with their curious clawed feet, have entirely vanished 
from the earth, as have many of the subordinate 
descent lines of the existing races. 


Horses 


Perhaps the earliest known perissodactyls are the 
horses,’ as they appear in the lower Eocene sediments 


1Lull, 1917, Chap. xxxv, and Lydekker, 1912, 
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in the very van of the modernized mammals. Their 
story is so well known and has been so often re- 
counted as to render a detailed discussion unneces- 
sary. It will suffice to summarize their principal 
evolutionary changes, which include all portions of 
the creature’s anatomy, instead, as in the creodonts, 
of being confined to one or two special features. 
Briefly summarized, these changes are: Increase in 
size from some twelve inches, or three hands at the 
withers, to the sixteen hands (sixty-four inches) of 
the modern animal. Foot change, including the 
reduction of digits from four in front and three 
behind, through an all three-toed stage to the exist- 
ing one-toed condition. This is correlated with a 
change in foot posture from the dog-like foot of 
Eohippus to the fully hoofed feet of Equus. The 
limbs and body become more and more adapted for 
speed, correlated with size increase and foot special- 
ization. The skull changes mainly in size and pro- 
portions, the increase of the face being relatively 
greater than that of the cranium. This is primarily 
to make room for the dental battery, with its colum- 
nar teeth in the later grazing types. The teeth tend 
to reduce in number in that, while the original forty- 
four prevails in certain living male horses, the num- 
ber may be as few as thirty-six. As the jaws elongate, 
there is a space developed between the cropping 
teeth and the grinders, which adds to the general 
efficiency of the mouth. In the earliest horses all 
of the teeth have short crowns, and even the molars 
just begin to show the fusion of the primitive cusps 
into crests, while the premolars are simpler than the 
molars. The former, however, became successively 


Fig. 23.—Horse Evolution, after Lull, from Yale Alumni Weekly. 
1. Eohippus. 2. Orohippus. 3. Mesohippus. 4. Merychippus. 
5. Pliohippus. 6. Equus scotti, Drawn to scale. 
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molar-like from the fourth forward to the second, 
but not the first. The teeth are all short-crowned 
until Miocene time, when the grazing horses, with 
long-crowned teeth, appear in Merychippus as a re- 
sponse to climatic change. This creature possesses, 
moreover, short-crowned milk teeth, reminiscent of 
its ancestry, and long-crowned permanent ones, pro- 
phetic of the future. It is a truly transitional type. 
Thus we have Eohippus and Orohippus, with four 
to three toes, short-crowned grinders, and a stature 
of three to four hands. These forms are Lower 
and Middle Eocene and are followed in the Upper 
Eocene by Epihippus, yet four-toed, but with the 
outermost digit of the hand shorter. Oligocene 
horses bear the names of Mesohippus and Miohippus. 
They are typically about the size of a sheep, with 
three toes in front and rear, and short-crowned 
teeth. 

Miocene horses are differentiated into several 
races, due to varied conditions. Of these the main 
line of grazing horses consists of the three-toed 
Merychippus, ten hands in height and with short- 
crowned milk molars. This is succeeded in the 
Upper Miocene and Lower Pliocene by Protohip- 
pus, in which the lateral toes are shorter, but the 
main distinction lies in the fact that the milk, as well 
as the permanent, teeth are long-crowned. These 
are the prairie horses and are, so far as we know, in 
direct line of descent to the modern survivors. Con- 
temporaneous with Merychippus is the browsing 
horse, Hypohippus, fully as large, but with large 
lateral toes on the feet, as though its habitual haunts 
were on soft ground, analogous to the foot adapta- 
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tion of the modern caribou or reindeer, whose spread- 
ing feet bear them up on the yielding*moss or snows 
of the tundra. Hypohippus also possesses short- 
crowned teeth and shallow jaws, fitted for browsing 
on succulent herbage and not at all for a grazing 
habit. Yet another Miocene horse is Hipparion, also 
three-toed, the lateral ones being subfunctional. Its 
stature is ten hands and upward, which seems to be 
the standard for its time, for it increases in about the 
same degree in each of the several races. Hipparion 
has long-crowned teeth, with the most elaborate in- 
folding of the enamel of any known horse, an adap- 
tation to the harshest sort of grasses. We speak of 
Hipparion as the desert horse because of the char- 
acter of its teeth and of its well-adapted lateral toes, 
which would be occasionally of use in a sandy habitat. 

Pliohippus of the Pliocene is the first one-toed 
horse, in which there was apparently no trace of 
lateral toes, unless, like those of the cattle, they 
were mere vestigial “dew claws” without skeletal 
connection with the splint bones, which are appar- 
ently all that are left of these members. The teeth 
resemble those of modern horses, except that they, 
in accordance with the entire stature of the animal, 
are materially smaller. Pliohippus leads from Pro- 
tohippus to the existing genus Eguus, a creature 
which first appears in the Pliocene, apparently in both 
the Old and New World. It seems hardly neces- 
sary to discuss the characteristics of this noble animal 
other than to say that the degree-of its foot evolution 
and of its stature for a running type has about 
reached the possibilities coupled with efficiency. It 
is one of many instances of an evolutionary cul de sac. 
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Let conditions change markedly, and the race could 
not readapt itself and would probably perish, as it 
already has once im the Western World. 

Evidently the theater of equine evolution was 
North America, as it was with the camels, for here 
the evolutionary series are continuous, while in 
Europe the sequence of horses is broken again and 
again, as though conditions were not continuously 
favorable, and the race was each time blotted out, 
until a new migration repopulated the area. Weare, 
however, just on the threshold of paleontological 
discovery in Asia where the evolutionary history is 
yet to be worked out. What the future will reveal 
we dare not predict, but it will, in all probability, 
upset many of our cherished notions concerning the 
evolutionary home of various groups, of which the 
horses may well be one. 


Rhinoceroses 


Among the perissodactyls the rhinoceroses are 
unique in their interest. They again are found in 
great profusion in the geologic strata of America, 
and once more there are several races varying in 
size, development of horns, and in specific adapta- 
tion to varied environmental conditions. 

A few years ago there was found in Baluchistan 
the remains of a huge beast allied to the rhinocer- 
oses, to which the name Baluchitherium’ was given. 
It remained, however, for the Asiatic expeditions, 
sent out by the American Museum of Natural His- 
tory, to discover the skull of this animal, together 
with certain other bones of the neck and limbs 


1 Osborn, 1923 a, b. 
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which reveal its stature. It is an aberrant rhinoc- 
eros, so huge that its largest compefitors are small 
compared with it, for it had a shoulder height of 
not less than thirteen feet, an over-all length of 
twenty-one, and an estimated bodily weight which 
compares with that of a large elephant. This crea- 
ture was hornless and evidently the last of its line, 
such huge size being, as we have seen, an indication 
of racial senility. Tentative restorations of the 
baluchithere have been made. Future discovery may 
change our conception of the creature, however, for 
so remarkable an animal may well have possessed 
other unexpected characteristics. 


Titanotheres 


One splendid group of perissodactyls was the 
titanotheres. Suggestive of rhinoceroses in a broad 
way, these creatures also possessed unique features, 
including an ultimate size greater by far than that 
of the largest living rhino, and, because of their 
huge weight, they had converged somewhat in body 
and limbs toward the elephants, although the head 
shows no point of resemblance. These animals have 
an interesting, though tragic, career. They are first 
known in rocks of Lower Eocene time. They 
shortly diverge into at least eleven races, distin- 
guished by the proportions of skull and limbs and 
by other minor features, all of which seem to point 
to differentiation of habitat, although all were 
browsing forms. It is during Lower Oligocene time 
that these creatures reach the climax of their evolu- 
tion and shortly become extinct. Still, at least four 
races prevail, long, narrow-skulled types, and short, 


208 "THE WAYS ©F 1455 


broad-skulled ones. One very distinctive feature 
of the titanotheres was the presence of paired horn- 
like processes borne on the nasal bones. These 
structures are found on all Oligocene titanotheres, 
less frequently on those of Eocene time. They vary 
greatly in shape and size and have smooth sides and 
a highly roughened tip. It is evident that they were 
sheathed in skin, probably toughened like that of 
a modern rhinoceros. Whether or no they bore 
rhinoceros-like horns is questionable. That they 
were efficient weapons for offense and defense can 
hardly be doubted. 

The end of the career of the titanotheres came 
with dramatic suddenness, for none are known above 
the sediments of Lower Oligocene time, although the 
rhinoceroses and browsing horses still survive. Ti- 
tanotheres were splendid: creatures, of great physical 
prowess, finely adapted teeth, although to a restricted 
herbaceous diet, and fine brain power. Changing 
conditions may have been responsible, but one would 
expect survival into mid-Miocene at least, if this 
were all. They have been reported from central 
Asia (Mongolian expedition of 1923) and Europe, 
although there their numbers may have been few 
compared with their profusion in North America, 
their evident home. Osborn, who has made a most 
detailed study of these creatures from every conceiv- 
able angle and covering years of effort, speaks of 
them as being, in the terminal Brontotherium, “so 
far as known the most imposing product of mam- 
malian evolution, with the exception of the Probo- 
scidea. Every known step in this transformation 
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is determinate and definite, every additional charac- 
ter which has been observed arises according to a 
fixed law and not according to any principle of 
chance. In the eleven principal branches which 
radiate from the earliest known forms (Eotitanops 
gregoryi) of this family exactly similar new char- 
acters arise quite independently at different periods 
of geologic time which are separated by the lapse 
of tens of thousands of years.” This is the strong- 
est evidence for orthogenetic evolution. 


Elephants and Mastodons’* 


This most important group also belongs to the 
cohort Ungulata, although sometimes spoken of as 
subungulate in allusion to the character of their feet, 
for the great weight is borne upon an elastic shock- 
absorbing pad at the extremity of a pillar-like limb, 
the hoofs being reduced to nail-like structures around 
the periphery of the cylindrical foot. The nearest 
allies of the proboscideans, strangely enough, are the 
Sirenia, or sea cows, formerly classed with the whales 
under the subordinal name of Cetacea herbivora, the 
true whales being the Cetacea carnivora. Now we 
know them to be convergent, unrelated groups, 
whose remarkable similarity is due entirely to com- 
munity of habit and habitat. On the other hand, 
while the elephant and manatee have to-day so little 
in common, apparently, that the modern zodlogist 
would hardly suspect relationship at all, when one 
has before him the skulls of the Eocene ancestors 
of each, he finds so great a similarity that it is some- 


2Lull, 1917, Chap. xxxiv. 
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what difficult to assure oneself that the presumptive 
ancestral proboscidean was not actually a sirenian. 

With the proboscideans, which include the masto- 
dons now extinct, and the elephants, which still 
remain as relics of a widespread and formerly abun- 
dant race, evolution affected only certain localized 
portions of the animal’s frame, leaving the remain- 
der almost untouched. Thus the body retains within 
it a number of very primitive features, largely in 
soft parts, such as the stomach and circulatory sys- 
tem, the principal bodily change being the great 
increase in size until the creatures have become the 
most majestic of terrestrial mammals. This increase 
of bodily bulk has necessitated a certain alteration 
in the limbs, which lose the angulation, typical of 
most other quadrupeds, and become pillar-like to 
bear the weight, a condition which we have seen 
before, in the amphibious dinosaurs, Dinoceras, and 
to a less extent in the titanotheres and probably 
in Baluchitherium. Otherwise the evolutionary 
changes are confined to the head, resulting in an 
absolutely unique structure, unlike that of any other 
animal. Briefly summarized, the head has under- 
gone the following changes, some of which are the 
necessary outcome of the short, relatively immobile 
neck. 

Skull form changed from the primitive elongated 
type of the ancestral Meritherium,' through the in- 
_ crease in breadth and height in relation to the length, 
bulldogging, as one author puts it. This is to provide 
increased leverage, necessitated by the trunk and 
tusks, and, in earlier forms, up to Pliocene, the elon- 


1 Andrews, C. W., 1906, 1908. 
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gated lower jaw. This does not mean an equivalent 
increase in the size of the brain, although that is 
very large, but it is brought about principally 
through the development of air spaces or spongy 
tissue between the outer and inner surfaces of the 
skull bones. The second feature is the proboscis, an 
immensely elongated, combined nose and upper lip, 
highly muscular and with great strength and delicacy 
of control. The nostrils run the length of the 
trunk, and the latter terminates in one or two finger- 
like processes. The trunk enables the animal read- 
ily to reach the ground and is a necessary adjunct 
to the short neck. The teeth have undergone a re- 
markable specialization, in the reduction of numbers 
from the original standard forty-four, and in the 
method of tooth succession, for, with the exception 
of the tusks, the permanent teeth do not replace the 
milk teeth vertically, as in other animals, but forming 
successively in the rear portion of the jaws, the suc- 
ceeding teeth move downward and forward through 
the arc of a circle and so replace those worn out in 
service. The modern elephant has but two tusks, 
which are the second upper incisors, and one fully 
developed grinder in each half of each jaw, making 
a total of six teeth at one time. A half-worn grinder, 
being replaced by a partly erupted successional tooth, 
may make the number apparently temporarily 
greater. Ancestral mastodons possessed a second 
pair of lower tusks, as well as the upper. These 
pointed forward and were lodged in the elongated 
union of the jaws. When these lower tusks were 
present, the upper ones curved downward. With 
the loss of the lower tusks, the upper ones curved 
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upward, as in the existing elephant, resulting in a 
change in the method of use. The tusks were pri- 
marily digging organs, if one may judge from their 
wear, and by actual observation in the African ele- 
phant of to-day. Diminution in tooth numbers has 
been met by increased complexity of the individual 
molars. These are composed of a series of com- 
pressed plates, consisting of enamel and dentine or 
ivory, and separated by cement. Thus the harder 
ridges of enamel alternate with the softer dentine 
and cement, the consequence of differential wear, 
giving a splendid grinding surface for the mastica- 
tion of harsh food. The teeth of the mastodons 
differed from those of the elephants in precisely 
the same way that the short-crowned teeth of brows- 
ing horses differed from those of the grazing horses. 
In the mastodons the tooth bore a number, two to 
four or five, of transverse ridges, consisting of den- 
tine and enamel without the intervening cement. 
Hence the teeth were fitted for softer and more 
succulent herbage rather than harsh. The tusks in 
all Proboscidea are long, conical structures, growing 
throughout life. In the later elephants and masto- 
dons they are composed entirely of ivory, with a 
mere vestige of enamel at the unworn tip. Ances- 
tral forms, however, possessed an enamel band, 
either straight on the outer aspect of the upper tusk 
or spirally wound around it. The lower tusks in the 
primitive forms with the elongated lower jaw are 
apt to be spade-like. 

The evolutionary summary is as follows: 

Proboscideans first appear in the Upper Eocene 
sediments of northern Egypt in the Fayfim Desert 
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near Cairo. Thence they spread into Europe and 
Asia and by Lower Miocene time had reached North 
America, and South America in the Pliocene. They 
were great migrants, and their remains are abundant 
up to Pleistocene time, when the great shrinkage in 
numbers begins. Now all are extinct, except the 
African and the Asiatic elephants, which represent 
the survivors of two out of many divergent races, 
Osborn’ says at least ten, to which their evolution 
gave rise. 


Adaptive Radiation of the Tertiary Mammals 


These creatures exhibit this in a marvelous way. 
The central stock must have been not unlike the liv- 
ing insectivore, Gymnura,’ from the Malay Penin- 
sula. This creature possesses clawed digits, planti- 
grade feet, a long tail, coarse hair, and generalized 
teeth, and, while terrestrial, shows no specific adapta- 
tion whatever along any of the several divergent 
lines. Finally it is one of the oldest living insectivores 
in point of time. It must not be assumed, however, 
that it is the actual focal type, yet alive, but merely 
that it comes nearer our conception of that type than 
does any other living form. From such as this have 
come the cursorial carnivores, with their limbs elon- 
gated, especially in the distal segments, with their 
feet digitigrade, i.e., upon the toes, and with laterally 
compressed claws, non-retractile where they are not 
used for securing struggling prey, as in the dogs, 
retractile or capable of being sheathed in the cats. 
In the cursorial hoofed creatures, on the other hand, 
the feet are unguligrade, except for the later camels, 


1 Osborn, 1921 C, p. 7. 2Lull, 1917, p. 285. 
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where they secondarily retrogress to the digitigrade 
posture. The distal segments of the limbs are long 
and slender, with the muscles concentrated at the 
upper thigh and shoulder. This placing of the 
weight high upon the limb and transmitting the 
power by means of long and slender tendons has the 
same effect as raising the bob of a pendulum, in that 
it quickens the beat without lessening the arc of 
swing, for the latter depends upon the length of the 
pendulum, not the position of the center of weight. 
The limb, while it acts after the manner of a simple 
pendulum, is really a more complex thing, because 
of the joints in it. It is readily understandable that 
there is a definite limit of size beyond which a speedy 
animal may not evolve, the limit being a mechanical 
one, due to the strength of materials out of which 
the animal is made, for, while bone is a very admir- 
able material, so far as strength, elasticity, and the 
power of self-repair go, the evolution of a superior 
material, such as the improvement of vanadium steel 
over ordinary steel for the making of automobile 
frames, is clearly impossible. The chemical com- 
position of bone is limited by inheritance from very 
remote ancestors, and apparently no alloy can pos- 
sibly be added to it to improve it. Creatures the 
size of the African and Asiatic antelopes, somewhat 
smaller than the Virginia deer, seem to be the ideal 
combination of size and speed. To be sure, great 
horses, like Man 0’ War, are extremely fast, but 
his speed of a mile in one minute thirty- ive and 
two-fifths seconds is equal to about forty-five miles 
per hour, while the Mongolian antelope by actual 
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test runs upward of sixty!’ Other parts of the 
animal’s Be y react to the speed requifement as well, 
stream-line contour, to lessen wind resistance, heart 
and breathing organs are all concerned, but the limbs 
are the actual propelling mechanism, so here the 
adaptive significance of their evolution is most 
apparent. 

Other terrestrial creatures are the weight carriers. 
Their huge size and pillar-like character of limb have 
already been discussed. Certain bones of the limbs, 
such as the radius and ulna in the fore leg and tibia 
and fibula in the hind, are fully developed, while in 
cursorial forms the ulna and fibula tend to become 
vestigial. The limb loses the angulation, especially 
at knee and elbow, of the normal limb, and, as a 
consequence, both upper arm and thigh bone, espe- 
cially the latter, depart from the form of an elon- 
gated S, with the articular planes parallel with the 
long axis of the bone, to that of a capital I, with 
the articulations at right angles with the shaft. The 
thigh bone also becomes flattened in cross section; 
normally it is circular. The feet in primitive types 
retain all five digits, unless these have already been 
reduced through specialization before the race gained 
in weight. There is also a heavy shock-absorbing 
pad, which increases the area of the foot. 

Weighty forms, such as the Proboscidea, rhinocer- 
oses, titanotheres, and baluchitheres, have been dis- 
cussed. The rhinoceros, in spite of its huge weight, 
is quick and light on its feet for a short period of 
time. The elephants, while not light-footed, are 
nevertheless good travelers. It is said that, if an 


1 Andrews, R. C., 1920, p. 363. 
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elephant had to hurry to catch a train, he would not 
appear to hurry, but he would catch the train. The 
detailed studies which have been made by Osborn 
and Gregory of the titanotheres, whom no one ever 
saw in action, as they are long since extinct, point 
to elephant- rather than rhinoceros-like methods of 
movement. The charge would be an irresistible rush, 
but easily side-stepped, and it would be difficult for 
the creature to change its direction at all quickly. 
Arboreal adaptation’ has occurred many times 
among the Tertiary mammals, whole groups, such 
as the primates, or individual families, as in the 
squirrels, or even individual genera, being adapted to 
this manner of life. Here again the adaptive 
changes are mainly in the limbs and feet. They 
also include certain features of the limb girdles, 
such as the retention of the collar bone and often a 
modification of the chest, with the multiplication 
and broadening of the ribs, as in the sloths. Certain 
arboreal forms run on top of the branches—squirrels, 
many primates, etc. With these the only modifica- 
tions lie in the feet, which may be adapted for grasp- 
ing with an offset first digit or by the binding to- 
gether of the digits into a pincer-like organ. There 
may be hooked claws or adhesive structures on palm 
and sole, or spines and tubercles to prevent slipping. 
The sloths progress suspended beneath the branches. 
Their digits are reduced in number to three or two, 
with long hooked claws, and the entire limb becomes 
elongated. The higher primates, the man-like apes, 
and doubtless also the precursor of mankind, prog- 
ressed by hand leaps or brachiation, thus developing 


1Lull, 1917, Chap. xxi. 
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a marvelous speed which, in turn, not only requires 
a relatively high initial: mentality, but serves to 
strengthen and improve it in the individual through 
the exercise of it. Possibly this is true also in the 
race. We consider the arboreal life of the human 
precursor of the highest importance in his fashioning, 
and his body and his youthful habits to this day 
bear much that is reminiscent of that older condition. 

Aérial adaptation, whether merely volplaning or 
true flight, seems to be, in all cases among mam- 
mals, the outcome of arboreal life, for altitude must 
be had before the mammal can fly. There are none 
which can “take off” from the level ground, although 
the bats readily can from the wall of a cave or dwell- 
ing, and there are certain rock flying-squirrels, which 
are also apparently not arboreal at present, whose 
ancestors, however, may have been. Aérial forms, 
as we have seen, are divided into both gliding forms 
and those possessing true flight. The latter has been 
acquired at least seventeen times among vertebrates, 
seven of which are by mammals. For among 
rodents, for instance, certain members of a family 
will have acquired it, while others will not, thus 
showing it to have been independently evolved in 
the several flying genera. It has led to a number 
of interesting convergences, among rodents, insecti- 
vores, and marsupials, for it is among these orders 
principally that this attainment has been reached. 
The creatures are necessarily small of bulk and 
light of weight, their means of flight being the 
variously developed membrane stretched between the 
limbs and sides of the body and tail. Laterally 
extended hair on the latter organ adds buoyancy. 
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The bats have attained true flight. We know, how- 
ever, nothing of their evolution, as the earliest re- 
corded bats which are of Eocene time are, so far as 
we know, already fully evolved. These, however, 
are known largely from the skull and other isolated 
bones, which give little knowledge of wing develop- 
ment. With bats and pterodactyls, as we have seen, 
the wing involves the hind limb. The knee, there- 
fore, is rotated backward in each so as to insure 
inferior concavity of the wing. This renders the 
use of the hind limb very inefficient for ordinary 
locomotion. 

Subterranean or fossorial forms are relatively com- 
mon among mammals, but few orders being entirely 
excluded from this habitat. Nevertheless, compara- 
tively few of them are wholly subterranean in habit, 
that is, such as find both food and retreat below the 
surface of the earth. This extreme adaptation leads 
to an evolutionary cul de sac, for it is in a sense a 
degenerative evolution, totally unfitting the creature 
for a return to surface existence. This degeneration 
means a reduction of the eyes, sometimes to the con- 
dition where they are lost to sight in the rather dense 
fur; again they may lie beneath the skin, or they 
may suffer actual degeneration of the organ itself. 
The first two conditions would mean impairment of 
vision, but the retention of light perception; the last 
total blindness. The external ears are also reduced, 
as is the tail; the latter becomes a very valuable 
tactile organ, however. The body contour is such as 
to offer the least resistance to passage through the 
earth, the head being subconical in shape. The fore 
limbs and girdles are powerful, with great protuber- 
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ances on the bones for muscular attachment and 
for leverage. Both hand and foot are broadened, 
especially the former, and the claws become like 
miniature spades. Sometimes, as in the common 
mole, a bone of the wrist increases in size until it 
comes to lie alongside of the thumb, functioning 
as a sixth finger. Again the number of digits may 
be fewer than five, but the size of the hand and arm 
is generally such that a single lateral sweep will 
clear the passage to the height and width of the 
burrower. The fore limbs loosen the earth, while 
the hind ones shovel it out of the way. It is then 
compacted against the sides of the burrow, as there 
is no heap at its mouth, as with many digging forms 
(i.e., woodchuck). The snout, strengthened by an 
extra bone, and the teeth, which are chisel-shaped 
and directed forward in such instances, both may aid 
in tunneling. 

Fossorial adaptation has led to convergences. There 
are two separate evolutions of placental moles, the 
common ones, and the golden moles of South Africa, 
both of which belong to the order of Insectivora. 
In addition there is a marsupial mole, and the 
ancient egg-laying mammals, the duckbill mole, and 
the spiny ant-eater, which are undoubted Mesozoic 
survivals, are both of fossorial habit and adaptation. 

Aquatic mammals are many, but not so many, 
perhaps, as the reptiles, which preceded them. The 
cold-bloodedness of the latter, which means, of 
course, less metabolism, renders the matter of 
breathing simpler, as well as eliminating the neces- 
sity for guarding against the too rapid radiation of 
bodily heat. Nevertheless, mammals have done as 
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did their reptilian predecessors, they have become 
swamp- -dwelling, lake, river, estuary, and truly 
marine animals. In adaptation they show all degrees 
of gradation, from creatures with partially webbed 
feet to those possessing the extreme paddles of the 
whales, in which, while the number of digits may 
be fewer, the finger bones have multiplied about 
threefold, and the whole structure is inclosed in a 
common integument, without showing the separate 
digits externally. 

Bodily alteration in extreme types leads to the 
assumption of the typical stream-lines of the swiftly 
swimming fish—snout elongated, cranium shortened 
and heightened, no external evidence of neck, the 
head merging into the body, as does the tail, fore 
limbs paddle-like, hind ones vestigial with no ex- 
ternal trace. As a compensation for the loss of the 
hind limbs, or rather as a consequence, there has 
been developed a powerful, horizontally extended, 
swimming tail, sometimes rounded, as in the manatee, 
or notched, as in the dugong and the extinct Steller’s 
sea cow and in the whales. 

Certain internal changes also occur which give a 
circular cross section to the body and increase stabil- 
ity, such, for instance, as the extremely oblique 
position of the midriff or diaphragm, which not only 
raises the lungs toward the dorsal side of the animal, 
but permits their backward extension as well. Hair 
is largely lacking, its function of heat retention 
being fulfilled chiefly by the fat or blubber which 
lies just beneath the skin. The external ears have 
disappeared; the eyes in extreme types are adapted 
by their curvature to subaquatic vision; and the 
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external nostrils or blow holes are shifted to the top 
of the head. ¢ 

As in other lines of adaptation, that to the aquatic 
realm has led to numerous instances of convergence, 
not only among the mammals themselves, but be- 
tween the mammals, on the one hand, and the rep- 
tiles and fishes, on the other. 

The mammalian amphibious forms are the hippo- 
potami and extinct aquatic rhinoceroses among the 
ungulates, the beaver, musk- and water-rats, and the 
capybara among rodents, certain aquatic shrews and 
the desman, which are insectivores, and the otters 
among carnivores. The entire order of Pinnipedia 
are aquatic, including the true or hair seals, the sea 
lions or fur seals, and the walrus. Cetacea are out 
of a flesh-feeding stock, probably creodont, while 
the Sirenia, or sea cows, are herbivorous, and, as we 
have seen, related to the proboscidean ancestry. 
Cetaceans are known from the Eocene rocks of the 
Faytim in Egypt, but these belong apparently to an 
aberrant line, characterized by more complex cheek 
teeth, like those of the seals, the true whales having 
simple cone-shaped teeth, or none at all, and also 
by a very elongated body and tail, so that the crea- 
tures were almost serpent-like. These zeuglodonts, 
as they were called, persisted into the Miocene, when 
they died, apparently without issue. True whales 
are known from the Oligocene on and are divisible 
into the toothed whales, such as the dolphins, por- 
poises, and sperm whales, the last-named possessing 
functional teeth in the lower jaw only, and the 
baleen or whalebone whales, in which the teeth aré 
never functional, although germs of the dentition 
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may be detected in the embryo. In their place, these 
whales possess a marvelous straining device, the 
baleen or whalebone, which hangs from the roof of 
the mouth and retains the small, though innumerable, 
organisms upon which the whale feeds. It is not 
known by actual observation whether ancestral 
whales possessed functional hind limbs or not; pre- 
sumably they must have. They have, however, 
been demonstrated in the embryo as external ves- 
tiges on either side of the vent, but which normally 
disappear as the flesh increases around and over them 
long before birth. An extremely exceptional case, 
the only one known to whalemen who have taken 
many thousands of whales, was a fully adult hump- 
back, recently killed off Vancouver, possessing two 
well-developed external structures, interpretable 
only as an atavistic recurrence of the long van- 
ished hind limbs. The ichthyosaurs exhibit a very 
perfect gradation, showing the development of the 
caudal fin and the reciprocal diminution of the hind 
limbs. Of this there is as yet no record in cetacean 
paleontology, but the assumption of a parallel evo- 
lution in whales is the only logical conclusion. 
Seals have never developed the tail fin, nor is it 
likely that they will, for the hind feet, which are 
webbed, with long external digits, are bent backward 
and applied together sole to sole and thus form a 
very efficient propeller when actuated by the won- 
derfully graceful, sinuous motion of the body. With 
the true or hair seals these limbs are permanently 
turned to the rear. The others, sea lions, etc., can 
still bring them under the body for terrestrial pro- 
gression. Modern sea cows, such as the manatee, 
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show the same vestigial reduction of hind limbs as do 
the whales—vestiges in the form of g few, one or 
two, bones, hidden deep in the flesh. Ancestral sea 
cows, found in the Fayim with the ancestral whales, 
give evidence of the presence of external, though 
not very well developed, hind limbs. 

There is one realm of nature, the abyss, which is 
normally closed to all air-breathing forms, mainly 
because of the enormous pressure to which they 
would be subjected. Certain of the whales (the 
Greenland whale) are said to penetrate into the 
abysso-pelagic realm. This is learned from their 
sounding when attacked, running out upward of six 
hundred fathoms of whale line, not, of course, 
directly downward, but indicating, nevertheless, the 
penetration of the creature to an appalling depth. 
How it withstands the pressure is a mystery. 


CHAPTER VIII 
THE COMING OF MAN 


Tue close of the Mesozoic Era was marked by 
widespread and inexplicable extinctions of the rep- 
tilian hordes, so that but a scant remnant of this 
magnificent group remained. This is hardly true 
of the close of the Cenozoic, or Age of Mammals, 
for extinctions had been occurring since Miocene 
time, really the mammalian millennium, and, while 
the great mammals, horses, mastodons and mam- 
moths, camels and ground sloths, all met their fate 
during the Age of Ice, they survived the close of the 
Tertiary, and, with the exception of the ground 
sloths and mastodons, are yet existing in the Old 
World. The Age of Mammalian Dominance, there- 
fore, merges gradually into the Age of Man, for 
human precursors dwelt far back in the Tertiary, 
and great mammals still exist. Those who have 
looked with disquiet upon the indiscriminate slaugh- 
ter of fur-bearing animals at the present time, pre- 
dict that the middle of this century will see these 
creatures reduced to so small a remnant that the 
Age of Mammals will be ended forever.* 

Man’s coming antedates by far the period of his 
dominance, for he, like other forms of life, is not 
the result of an instantaneous creation, but of an 

1See above, page 73; Osborn and Anthony, 1922. 
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orderly and long-drawn-out evolution, and his evo- 
lution advanced far toward the perféction of the 
final product before his ascendance over other races 
was manifest. Man comes of a very ancient lineage, 
and the dignity of his final attainment is measured 
in part by the length of the road which his ancestry 
has traveled. There is no reason to suppose that 
physical man is not a highly differentiated product, 
derived from the originally awakened organic stuff, 
and that his line is not as old as is earthly life itself. 

Our evidences for human evolution are of pre- 
cisely the same nature as are those of other organic 
beings. They are of the same threefold character, 
which, combined, lead to the same conclusion. All 
three, however, are not of equal weight, partly be- 
cause the body of evidence which they present is not 
in each instance equally complete. 

These lines of evidence are: Morphology or 
Anatomy, the science of form and structure, espe- 
cially when studied in a comparative way; that is, 
the structure of man, as compared with that of other 
more or less distantly related beings. Ontogeny, 
the individual life history which gives, as we have 
seen, a somewhat obscure and highly abbreviated 
recapitulation or parallelism of the evolutionary his- 
tory of the race. Because of the falsifications which 
can creep into this record, due to adolescent necessity 
in new environments, or to the too great abbrevia- 
tion of the record, certain biologists are inclined to 
discredit all of the evidence which it offers. This 
we feel to be hardly justifiable, for many instances 
are known which apparently prove its truth. The 
evidence must, however, be very judiciously weighed 
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and conclusions drawn with caution. Paleontology, 
the actual documentary record, gives us our third line 
of proof. A science based upon actual tangible rec- 
ords of the past is irrefutable, provided their inter- 
pretation be correct. There is here, however, room 
for skepticism, if the material be too meager, as it 
often is, and the unchastened imagination allowed 
too great liberties in the supplying of missing parts, 
until a highly questionable whole is produced from 
a very fragmentary beginning. Perhaps too much 
of this has been done, especially in the case of human 
relics, but the results are in the nature of prophecies, 
not statements of fact, and, if judiciously done by 
one or more whose knowledge is intimate, they have 
high value and should not be condemned out of 
hand as unjustifiable guesses and garbling of the 
truth. This evidence for man’s evolution is as 
follows, although the list does not claim to be 
exhaustive. 


Evidence from Morphology’ 


There is, we believe, no possible argument to 
be offered other than one of sentiment and preju- 
dice in favor of man’s exclusion from the rest of 
organic nature. Whatever may be the nature and 
origin of his spirit, his body is composed of the 
common matter of the universe and contains no new 
element or material or even combination of ele- 
ments not found elsewhere. He must be considered 
—that is, physical man—as a part of the system of 
animate nature, for even the most extreme of Fun- 
damentalists insist upon his earthly or dust origin. 


1 Ferris, 1922. 
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The analysis of human protoplasm from each of its 
several aspects shows it to be in every,way the same 
basic building material as that found in every other 
animate being, although, of course, it differs in 
detail from that found elsewhere. For, as we have 
seen, if protoplasm did not differ, all organic beings 
would be alike, since their variation one from 
another is as fundamental as their protoplasm. Pro- 
toplasmic variation is also responsible for the differ- 
ences which have arisen between the races of mankind 
and between the individuals themselves, as well as 
between the parts of those individuals. Man is 
clearly organic in his character and belongs to that 
great part of the organic realm known as the animal 
kingdom. His conception, initial growth, adoles- 
cence, maturity, old age, and death, and the return 
of his body to dust, are in no wise different from the 
similar stages in the life of other creatures. His 
differences are never those of kind, but merely of 
degree, although certain stages, notably the “bathos 
of senility,” are rarely, if ever, attained other than 
by man and his dependents, the domestic animals. 
There are various organisms in the scale of life 
which have had very checkered zodlogical careers, 
such, for instance, as the sponges and tunicates as 
a group, the lancelet Amphioxus as a genus, and the 
abased parasite Sacculina as a species. Investigation 
of the literature of zodlogy shows the great variation 
of opinion concerning the place in nature of these 
anomalous forms and the difficulty with which their 
final assignment came and their true relationships 
were ascertained. But with man there is no question, 
nor has there ever been; he is as readily placed in 
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the scheme of nature as a dog or a horse. There is 
nothing obscure about his status, and we are forced to 
accept one or the other of these conclusions, either 
that he is part of the great host of animal life, albeit 
he may be superior to all other forms, or he is the 
result of a special creation of something utterly 
apart from them. Man is an animal, limited as are 
all others in his powers of assimilation; dependent, 
like them, upon oxygen for his respiration and upon 
the constructive green plants for his ultimate food. 
His complex body, made up of its countless billions 
of differentiated cells, removes him from the Pro- 
tozoa and places him in the metazoan subkingdom. 
This group contains many phyla, of which all but 
one are known collectively as invertebrates, as op- 
posed to the vertebrate or backboned group, and, 
whatever his prejudices, anyone would object to 
being called spineless, so firmly impressed is this 
main characteristic upon the phylum. Man shows 
all of the several diagnostic features of the chordates, 
the more comprehensive term which includes the ver- 
tebrates, although not all of these features are re- 
tained throughout life. These are, first, the axial stif- 
fening of the body or notochord, later replaced by 
the vertebral column, and second, the perforations in 
the walls of the pharynx, although the last are mere 
crevices rather than true gill slits in the human 
embryo, and are normally reduced to a single pair, 
which form the eustachian tube of the ears as devel- 
opment progresses. The third chordate feature is 
the hollow or neuroccele in the cerebrospinal part of 
the nervous system. Man retains this throughout 
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life, for it forms the so-called ventricles of his 
brain and the central canal of his spingl cord. 

His vertebrate characteristics are his vertebral col- 
umn, bilateral symmetry, and segmented body, as 
shown by the serial repetition of vertebra, ribs, cer- 
tain thoracic muscles, and portions of the nervous sys- 
tem, suchas the spinal nerves and sympathetic ganglia. 
There is also the division of his body into a dorsal 
cavity within the vertebral arches and the skull, 
which contains the principal part of the central nerv- 
ous system, and a ventral one inclosed by the ribs 
and the muscular walls of the chest and abdomen and 
containing the vital organs. Man’s vertebrate char- 
acter shows also in the two pairs of limbs, with their 
skeleton within, in the segmented character, number, 
and nature of the digits, and in the microscopic struc- 
ture of his bones. 

Within the chordate phylum are several subphyla, 
of which the more primitive include the so-called 
protochordates, largely sedentary, marine types, 
whose simplicity is, in part, at least, the result of 
degenerative evolution. The more advanced are the 
vertebrates proper, divided, in their turn, into sev- 
eral classes, the fishes, amphibians, reptiles, birds, 
and mammals. By a process of elimination man is 
speedily debarred from the first four and by direct 
evidence included within the class Mammalia, chiefly 
on the ground of his possessing the following essen- 
tial characteristics of the group: warm blood, body 
more or less clothed with hair, a diaphragm sep- 
arating the chest from the abdominal cavities, and 
young brought forth alive and nourished for a time 
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after birth with milk from the mammary glands, 
hence the name mammal. 

The mammals are roughly divided into the egg- 
laying prototheres, the pouched marsupials, and the 
placentals, in which there is a very intricate device, 
the placenta, derived from the old reptilian allantois, 
by which the young are nourished before birth. 
This organ man possesses, which places him, there- 
fore, among the Placentalia. These, in turn, are 
divided into a number of orders which may be 
roughly grouped according to the character of their 
appendages, whether they be clawed (cohort Ungui- 
culata), or hoofed (Ungulata), or nailed (Primates), 
or paddle-like (Cetacea). Here man’s place is again 
clearly defined, although the particular feature men- 
tioned may seem to be trivial. 

Years ago Linnzus’ gave the name Primates to 
that group of mammals which included the mon- 
keys, apes, and man, calling them Primates in the 
sense of first, as the Archbishop of Canterbury is the 
ecclesiastical Primate of England and the Prime 
Minister the political. 

Man’s inclusion in this group is a perfectly natural 
one; he could not well be placed in any other, for 
he is neither clawed, nor hoofed, nor does he possess 
whale-like paddles. I am inclined to believe, how- 
ever, that his primateship may be open to another 
interpretation, if we refer back to the Latin origin 
of the word, for out of primus, the first, comes not 
only the word primate, but also the word primitive, 
and this group shows many features which mark it 
as distinctly old-fashioned or archaic. Except for 
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a marvelous arboreal adaptation—and one high au- 
thority’ claims that the mammals were primitively 
arboreal—a certain specialization of teeth, largely 
the reduction of numbers, and the great and highly 
complex brain in the more advanced forms, most of 
the features which the primates possess have the 
mark of great antiquity. Certain of these, espe- 
cially as applied to man, will be detailed later, to- 
gether with his specializations. 

Man’s solidarity with the primates is shown in 
a number of ways. This is, of course, especially 
emphasized, if one compares him with the great or 
man-like apes rather than with the more generalized 
members of the group. These are: 

Skeletal similarity. Bone for bone, the compari- 
son can be made and it will be found that the differ- 
ences are vastly less striking than are the like- 
nesses. The skull possesses the same bones, the main 
distinction lying in the greater size of the cranium 
of man as compared with the face, together with the 
smoothness of contour and absence of huge crests 
for muscular attachment, so prominent in the skull 
of the adult male gorilla or orang. The number of 
vertebre approximately corresponds, although the 
ape generally possesses one more rib-bearing vertebra 
and one fewer in the loins; in other words, thirteen 
pairs of ribs to man’s twelve, an exception being the 
orang, Simia satyrus, which also possesses twelve, 
although but four lumbars to man’s five. The 
sacrals correspond, except in the gibbons, and the 
caudals, which coalesce to form the coccyx, may be 
one fewer in some men. The bones may differ 
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somewhat in shape, due to muscular attachment, as 
the partially erect posture of the subhuman forms 
necessitates greater neck muscles to support the ill- 
balanced skull. Hence, as in the gorilla, the dorsal 
spines of the neck vertebrae may be greatly devel- 
oped; in man they are much reduced. Ribs and 
breastbone agree essentially, although more power- 
ful in the ape, as do the limbs and their girdles. 
Here there is a certain modification, both of pro- 
portions and mechanically, due to the fact that in 
man, with his erect posture, the weight is borne 
entirely by the hind limbs. They are, therefore, 
relatively longer and straighter, the foot is modified 
for shock absorption, and the pelvis has been altered 
to aid in supporting the soft abdominal organs in 
what is really an unnatural posture. In the ape the 
arms are used largely for climbing and the arm- 
leaping, or brachiation, method of progression, to 
which allusion has been made, whereas in man the 
old-time locomotive function has been largely lost. 
This has naturally altered the proportions and shape 
of the shoulder blade. Thus it will be seen that the 
skeleton points either to relationship—that is, some- 
what divergent evolution from a common stock—or 
to coincidence, and the latter seems hardly possible 
on the ground of skeletal similarities alone. But 
there is added to this a very great muscular cor- 
respondence as well. It is said that man has but 
three exclusively human muscles, all of the rest 
being had in common with the apes. These are 
largely concerned with the erect posture and the 
specialized character of the human foot. The teeth 
also agree in numbers and kinds. True, the ape 
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still retains the tusk-like character of the canine 
teeth, with gaps in the opposing tooth row into which 
they fit when the mouth is closed. With man the 
canines are reduced in height to the level of the 
other teeth, and the gaps in the tooth series are 
absent. But the premolars, or bicuspids, are similar, 
and the differences in the molars lie in relative pro- 
portions and in the presence of subsidiary cusps in 
the ape. The number of the milk teeth and the 
character of the tooth succession agree. 

The nervous systems of man and the apes compare 
again in kind, the differences being largely those of 
degree, and the functions of the human nervous 
system have been learned principally through experi- 
ments upon the apes, showing that, not only is the 
anatomical mechanism similar, but the physiological 
action, which, of course, depends upon the structure, 
is as well. Comparison of the brain of the orang 
with that of man shows that in their principal form 
and details the two agree. The convolutions and 
fissures bear the same anatomical names. The human 
brain is, however, much the larger, and, as there 
must always be a certain maintained ratio between 
the external cortex and the inner contents, the former 
must necessarily be thrown into more numerous and 
deeper folds to effect it, for the contents increase 
with the cube of the diameter and the cortex with 
the square. 

Blood tests also give evidence of the solidarity 
between man and the primates, especially the precipi- 
tation test, used chiefly by Dr. George F. Nuttall,’ 
of Cambridge University. The method is briefly 
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as follows:” Freshly drawn human blood is allowed 
to coagulate until the clot separates from a pale 
yellowish fluid known as the serum. This injected 
at intervals into the veins of a rabbit induces the 
formation in the rabbit’s blood of an anti-human 
body, comparable to the antitoxin which may be 
formed in the blood of a horse, and which is used in 
combating diphtheria. When the rabbit is fully 
inoculated its blood may be allowed, in turn, to clot 
and the serum extracted. This becomes a wonder- 
fully delicate test for human blood, even old blood 
stains, for, if a few drops of it be placed in human 
blood, a dense precipitate is at once formed. The 
blood of any of the man-like apes also gives a heavy 
precipitate with the anti-human serum; that of the 
Old World tailed monkeys much less; of a New 
World monkey very little; and of a lemur none at 
all; thus showing not only relationship, but the 
degree of consanguinity. The test is so delicate a 
one that the blood of the individual may be identi- 
fied, and it is said that it might be used for a second 
judgment of Solomon! Experiments with other 
groups, such as the horse and ass, the sheep, goats, 
and oxen, have been made with success, and the 
assumed relationship actually proven which was 
based solely on other grounds, thus showing in some 
instances the correctness of portions of our classi- 
fication of which there was some doubt. 

Yet another proof of man’s actual relationship 
with the primates lies in the transplanting of tissues 
from the apes to man. Thus about 1920 the thyroid 
gland of a healthy chimpanzee was used to replace 
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the diseased thyroid of a young boy. This did not 
act as a foreign body in the boy’s throat, to die and 
disintegrate, but it, on the contrary, has been func- 
tioning perfectly ever since. And the bone of an 
anthropoid grafted into the leg of a man has also 
served its original purpose in the new location. 

Again, there are similar reactions to poisons on the 
part of the great apes and man, and, within certain 
limits, they are infected in like manner by the same 
diseases. Kellogg” speaks of the similarity of insect 
and other parasites infesting man and the apes, the 
insects differing in much the same degree as do their 
hosts, as though those of the apes and those of man 
are both descendants from the parasites which made 
life miserable for our common ancestors in the 
Tertiary! 

The finger-print method used in criminal detec- 
tion has also been applied by Raymond L. Dit- 
mars, of the New York Zodlogical Park, to the 
solution of the problem of human relationships, 
details of which are not as yet published. He finds 
that the position of the whorl, which in man is be- 
neath the terminal segment of the digits, is not 
always the same in the other primates. In the 
tailed apes of the Old World, especially Macacus, 
Cynopithecus, and Cercopithecus, it lies, not at the 
distal end of the digit, but at the proximal, within 
the area of the palm itself, the distal markings being 
parallel, whereas in the great apes, Simiidz, the posi- 
tion is the reverse of this and corresponds to that in 
man. He also experimented with the thumb print 
of the orang. It was necessary to roll the orang’s 
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thumb to give the impression a width corresponding 
to that of man, as the digits are more slender. The 
resultant prints were taken to police headquarters 
for comparison, and it was found that none of the 
experts, who had studied thousands of thumb prints, 
could separate out those of the orang from a num- 
ber of human beings. It was further found that 
the orangs’ impressions were in themselves classifi- 
able and that they fell into the different groups of 
human impressions as readily as did those of man, 
without necessitating any additional class for their 
inclusion. If similarities are as detailed as that, 
it implies either blood relationship or that, as 
Romanes said, in creating man, the Deity took the 
most scrupulous pains to make him in the image of 
the beasts. It is absurd to contend that all of these 
likenesses are the result of coincidence. 


Evidence from Ontogeny 


This, as we have seen (p. 112), is the develop- 
mental history of the individual, which was supposed 
by Haeckel to give a résumé of the evolutionary 
history of the race to which the animal belongs. 

Despite the possibilities of error, much can be 
learned concerning human origins from the study 
of human development. Certain of the outstanding 
“proofs” of this nature follow. 

Each human life starts with a single cell, com- 
parable to the protozoan ancestor of all animate life. 
This minute egg possesses protoplasm and especially 
the nucleus, with its chromatin filaments, which are 
the carriers of heredity. The complex process of 
maturation, the halving and discarding of chromo- 
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somes, the impregnation by the sperm from the 
male parent, all are precisely similareto changes 
not only in every other animal egg, but in plants 
as well. Then comes the process of cell division, 
called cleavage, because normally the resultant 
daughter cells remain attached to one another until 
a multicellular organism, composed of similar cells, 
is produced. While yet a solid aggregate, this is 
called the morula stage, when a hollow forms within 
it, a blastula, each of which has its prototype in 
certain protozoan colonies to this day. The blastula 
undergoes a further change, not always effected the 
same way, but the result is the formation of a two- 
layered embryo, the gastrula, in which the outer 
range of cells becomes largely protective in function, 
while the inner layer, which surrounds a primitive 
digestive cavity, is largely nutritive. The gastrula 
stage is unknown among colonial Protozoa, for, by 
our definition of the higher group, as soon as there 
are two definite cellular layers or tissues, with physio- 
logical division of labor between them, the organism 
becomes a metazoan animal. Up to this point all 
Metazoa undergo a roughly parallel development. 
These several stages seem, therefore, to be actually 
ancestral to all multicellular animals. Beyond this 
point the paths diverge, some forms, like the sponges, 
going but a relatively short distance further, others, 
as man and the higher animals, having a tremendous 
way yet to travel, the sponges being creatures whose 
principal evolutionary changes were.completed before 
Cambrian time, with only minor details elaborated 
since, while the higher forms had a long evolution- 
ary course to follow after the primitive invertebrates 
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had practically ceased their upward movement. The 
nearer the relationship the longer are the develop- 
mental lines coincident. Thus, while the devel- 
opment of man and that of some early worm-like 
organisms diverge at a very early stage in the former, 
those of man and the gorilla go very far abreast 
before coming to a parting of the ways. 

Certain embryonic stages of man, when compared 
with those of other mammalian forms, are highly 
illuminating. The formation of the notochord, of 
the vertebral segments that gradually replace it, of 
the elongated body and well-developed tail, of the 
five gill crevices on either side of the neck and the 
primitive swellings of the forward part of the nerv- 
ous system which will form the different portions 
of the brain, all are significant of the early vertebrate 
evolution, and all, in man and each of several other 
mammalian lines, will be very similar. Another 
stage shows budding limbs, later the fingers and toes, 
and it is not until comparatively late that the human 
embryo begins to look like a miniature man, for it 
passes first through a condition roughly paralleling 
that of a fish, an amphibian, a primitive reptile, a 
generalized mammal, and a primate, a creature with 
many likenesses to similar stages in the develop- 
ment of a chimpanzee or gorilla, and only toward 
the end does it become essentially human. 

Several interesting features are shown, either in 
the unborn young or shortly after birth, which have 
no immediate concern in the human economy. They 
are rather of the nature of vestiges reminiscent of 
conditions which man no longer has to face. Some 
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of these are ontogenetic, others anatomical in that 
they are retained throughout life. 

Among the ontogenetic ones may be nientioned the 
foetal hair, a dark soft hair which covers nearly the 
entire body, except the palm of the hands and sole 
of the feet, and which persists up to the seventh 
month of antenatal life. This is supposedly reminis- 
cent of that olden time when man’s ancestors were 
permanently hairy. Absence of hair among mam- 
mals is always a specialization, its loss being the 
result of adaptation to environmental need, as in the 
Cetacea. Rarely indeed is it entirely lacking in 
unborn young. I have in mind only the white 
whale and its ally, the narwhal, in which it is known 
to be absent. 

The amazing hand strength of the new-born 
baby, which is retained up to three weeks or so of 
age, and then gradually diminishes, is another sup- 
posedly reminiscent trait. For not only did the 
arboreal prehuman probably progress largely by hand 
leaping, as do the gibbons, but the child must cling 
to the mother, as her hands were otherwise engaged. 
Hence the necessity for a powerful maintained grip. 

The position of limbs and feet in the very young 
is essentially simian, as is also the slow assumption 
of the man-like gait, as contrasted with the quad- 
rupedal progression of the young, although no animal 
crawls on hands and knees rather than feet; cer- 
tainly no other primate which has attained its normal 
mode of progression does. 

To revert to the question of haif, the areas of its 
retention on the body, together with its general di- 
rection, are comparable to those of the apes. Its 
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direction, of course, is in response to the pull of 
gravity, but not necessarily as it is in man’s present 
posture; rather is it as it was when his ancestors 
were still ape-like in habits and attitude. 

There are a number of atavistic features, seventy 
to a hundred and eighty or more all told, if one 
counts minor details, such as slips of muscle, which 
have to-day no known function. These Drummond* 
called the scaffolding left in the building of the 
body, and as such only are they interpretable and 
understandable. Briefly enumerated, they are: 

The occasional persistence of an external tail. 
Before birth this is a definite organ, with its several, 
four to five, vertebrae free and provided with actu- 
ating muscles. After birth these several bones 
coalesce into the coccygeal bone and the muscles lose 
their power of movement and become mere bands 
of tissue. Abnormally the tail may persist, unless 
removed by the surgeon, and the expression of emo- 
tions thereby is remarkable. When the child is 
pleased, it is said to stick straight out behind, while 
the contrary emotion causes it to droop between the 
legs. When we speak metaphorically of such an 
action on our own part, we may be thinking of the 
more familiar gesture of the dog—we are really 
unconsciously reminiscent. 

There are a number of relic mv~-les remaining 
in the body, such as the dermal muscles for moving 
or twitching the skin, functional, as a rule, only in 
the face. Others are connected with the ears, which 
can rarely be voluntarily moved, but which must 
have had considerable facility of movement at one 
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time. Other muscles are concerned with the motion 
of the scalp as a whole, as well as the hair-raising 
muscles, which sometimes involuntarily are brought 
into action under stress of great emotion. 

The Darwinian point on the reflected margin of 
the ear, not always present and sometimes asym- 
metrically so, has been said to hark back to the vigor- 
ous and stirring days of our ancestry, and the semi- 
lunar fold, the tiny fold of membrane in the inner 
corner of the eye, is homologous with the very useful 
third eyelid of other mammals and of the birds. 

The vermiform appendix, which is a reduced relic 
in man and in the great apes as well, plays a very 
important digestive function in herbivorous animals. 
With ourselves, it is not only a useless relic, but, in 
the light of our present knowledge, may be a grave 
menace to survival. But surgical operations will 
never eradicate it from the heredity of the race, 
any more than the dehorning of cattle or the detail- 
ing of mice will produce hornless cattle or tailless 
mice, for mutilations do not affect the heritage. 

A very ancient relic, the pineal body, deep buried 
in our brain, has its counterpart in reptiles and am- 
phibians, where it is connected with a dorsal or 
median eye. In no living animal is this eye functional, 
although the ancient hatteria of New Zealand, a 
unique survivor of the Mesozoic, has an amaz- 
ingly perfect one, with retina and lens. While ex- 
periment seems to prove its non-response to the 
stimulus of ordinary light, as it is covered by an 
opaque scale, what effect some other form of radiant 
energy might have upon it is unknown. In certain 
Permian reptiles, on the other hand, the pineal 
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foramen for the lodgment of this eye may be two- 
thirds the size of the lateral orbits.* It is scarcely 
conceivable that the median eye did not perform a 
very real function in these creatures—possibly peri- 
scope-like as they lay concealed in their native 
swamps. We do not know of its having been func- 
tional, however, as a light percipient organ for mil- 
lions of years! And here lies the apparent relic in 
our own body—verily a museum of antiquities. 

Thus far we have emphasized man’s likenesses to 
his bestial relatives, the differences being largely 
ignored. It were well, therefore, to speak of the 
features in which man stands unique. 

The differences depend very largely upon two 
things, his great brain development, together with 
his mentality and the power of communication by 
articulate speech, and his adaptation for terrestrial 
progression on the hind limbs. The latter has re- 
sulted in: 

A more erect posture, which necessitates certain 
differences in the pelvis; the development of a series 
of four alternating curves in the spine, the gorilla 
having but three; the more perfect balance of the 
skull upon the neck bones (atlas) and the consequent 
reduction of the spinous processes and the neck mus- 
cles and ligaments. The hind limbs are better 
adapted to carry the weight of the body and have 
become longer and straighter, and the foot has de- 
veloped an elastic shock-absorbing arch. The great 
toe is no longer offset, but the hands, borne on rela- 
tively shorter arms, are more mobile and the thumb 
more readily opposable to the other digits. The 
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facial bones of the skull are reduced in size as the 
cranium has increased its capacity. Thijs is especially 
true of the jaws. The teeth are, crete: relatively 
smaller and less powerful, and the canine teeth and 
their receptive gaps are reduced. There is also a 
tendency to further tooth reduction manifest in 
smaller, sometimes vestigial, third molars (the wis- 
dom teeth) and occasionally the second incisors or 
even certain of the premolars. This jaw reduction 
is measured in terms of the facial angle, that formed 
by a line drawn from the forehead to the front of 
the upper jaw and one drawn along the base of the 
skull. The greater the reduction of the facial por- 
tion of the skull, the greater the facial angle, that 
in the modern European type approaching ninety 
degrees and averaging eighty-five. The increase in 
the brain has already been mentioned, to which must 
be added its much greater complexity and the con- 
sequent mentality and finally the power of articulate 
speech. 

These structural differences, it must again be em- 
phasized, are not those of kind, but merely of 
degree. So far as physical man is concerned, the 
gap which lies between him and the anthropoids 
is less, as Huxley long ago remarked, than between 
the latter and the lower monkeys, even those of the 
Old World. To separate physical man apart from 
his fellow primates on the ground of these differ- 
ences is illogical, unless one conceives of the entire 
animal kingdom as composed of numerous small 
isolated groups, each without kinship with any other. 

The anthropoids, especially the three great apes, 
the chimpanzee, gorilla, and orang, are apparently 
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degenerate descendants from the same stock which 
produced, as an ascendant being, man. The former 
from the enervating conditions of their tropical 
homes and the retention of their arboreal life, could 
do no other, while the human precursor, living 
under a more stimulating Asiatic climate and becom- 
ing terrestrial, could advance to a higher estate. It 
is interesting to note that some of the lowest races 
of mankind to-day are fellow countrymen with the 
existing great apes. The same climatic reaction may 
be in part responsible in each case, for the lower 
savage races of man seem also to have degenerated. 

Man’s physical organization points first to an 
arboreal, later to a terrestrial, adaptation. He is an 
extremely archaic type, specialized in but few direc- 
tions, but in certain of these he has gone far. As an 
all-round adaptation to environmental need, how- 
ever, he is by no manner of means as specialized as 
the cat or the whale, for his mentality and communal 
co-operation are such that he alone of the animal 
kingdom can produce artificial harmony between him- 
self and the environmental complex where dishar- 
monies actually occur. 


Mans Evolutionary History 


In order to have a full appreciation of the re- 
corded evolution of mankind it is necessary to go 
back into the distant past and to piece out from 
extremely fragmentary data the story of his coming, 
for, if, as we believe, his kinship is broad enough to 
embrace the whole animal kingdom, his physically 
immortal substance, the germ plasm, must go back 
in unbroken continuity to the period of life’s begin- 
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nings. He was not at that time in any sense man, 
for that would imply a creation of the completed 
product at a time so immeasurably femote that all 
other life would be in its lowest and utterly undif- 
ferentiated condition, but, in common with all 
other living creatures, there was among these pris- 
tine forms an ancestry potentially capable of evolving 
into the ultimate product. 

We have learned with sufficient detail for our pur- 
pose the evolution of man’s ancestry, both lineal 
and collateral, although from the paucity of direct 
evidence the story is necessarily meager and halting 
and is largely in the nature of prophecy to be proven, 
or perhaps disproven, as future discoveries are made. 

It is not necessary for our purpose to go back of 
the origin of the primates at the beginning of the 
Tertiary. We have already discussed the modern- 
ized animals, the way in which they differed from 
the so-called archaic forms, their circumpolar home, 
and their southward incursions until they replaced 
the less capable creatures and established themselves 
in what were to be the promised lands. Among 
these modernized mammals came the ancestral pri- 
mates from their northern fastnesses. They were, 
therefore, part of the initial evolutionary movement 
which gave rise to the modernized mammals, and, 
as such, their lineage goes back to the very beginning 
of the Tertiary, if not actually into Cretaceous time. 

The ancestral stock out of which the primates 
arose was doubtless the Insectivora, some of which, 
like the pen-tailed shrew, are arboreal. One visual- 
izes, therefore, as the hypothetical ancestor of all 
primates a big-brained insectivore, with keen senses, 
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generalized teeth, and arboreal in habits, but one 
whose limbs, while amply fitted for tree inhabiting 
life, were in no way extreme in their specialization. 
Creatures of this sort inhabited the tropical forests 
of the circumpolar area, for such relics of an old 
land mass as now persist, specifically Greenland and 
Spitzbergen, show from their plant fossils that such 
habitat conditions did exist in early Eocene time. 
No trace has been found, either of the insectivorous 
precursor or of the primitive primates themselves, 
in this northern region, but here vertebrate fossils 
are very rare. Their simultaneous appearance in 
both Europe and North America in Lower Eocene 
sediments is proof of their migration, not from 
either one to the other, but from some contiguous 
and accessible area. What the central Asiatic ex- 
ploration will give by way of light upon this problem 
is, of course, unknown, but this land, many times the 
area of the paleontologically explored regions else- 
where, is pregnant with possibilities. The explora- 
tions up to the present have been too far south for 
the ancestral home. 

Out of this hypothetical stock came the earliest 
primates, and it is these that made the southward 
migration, impelled by the increasing, though fluctu- 
ating, cold of the north, which swept southward the 
northern limits of the tropical forests and with them 
the primates themselves. Primates have probably 
always been dwellers in this sort of environment, as 
they are to-day, being dependent not only upon the 
arboreal fastnesses for protection against the more 
powerful beasts of prey, but also upon a place where 
they could obtain abundant food throughout the 
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entire year. Few primates have ever deserted it, 
and these, like the baboons or man, have become 
either more than ordinarily powerful or shrewd 
enough to hold their own in the terrestrial environ- 
ment. 

Primates first appear in North America in our 
Western States, Wyoming and New Mexico, in Lower 
Eocene rocks, where they form a relatively high 
percentage of the recovered fossils. Here they per- 
sist in variable numbers until the close of Eocene 
time, when they become extinct and do not reappear, 
with one possible known exception, the Pliocene 
Hesperopithecus, until the coming of man. The 
initial reason for this extinction may well have 
been the climatic changes which effectually elimi- 
nated the tropical forests from all of North America 
to the southern limits of the Mexican Plateau. In 
the meantime, however, the primates had traversed 
the then existing land bridge or bridges into South 
America, where during the long subsequent period 
of isolation they evolved into the Platyrrhinz, or 
New World primates of to-day. In Europe much 
the same thing occurred as in North America, pri- 
mates appearing in Lower Eocene sediments which 
are of equivalent age to those in America. There 
they also persist until the close of the Eocene and 
then become extinct. In Europe primates reappear, 
however, in the Miocene period, the time of the 
great proboscidian migrations out of Africa, and 
their second extinction occurs, with the exception 
of the existing macaques, at the close of the Pliocene. 


1 Osborn, 1922, b. 


248 THE WAYS OF LIFE 


Macacus is found in Pleistocene rocks and still per- 
sists on the rock of Gibraltar. It is the Barbary 
ape, however, and is not properly part of the Euro- 
pean fauna. 

In Africa primates are found in the Oligocene, 
and from Pliocene until the present. In Asia our 
records begin with the Miocene, and there also they 
still persist. As we have before emphasized, our 
knowledge of Asiatic paleontology is very limited 
as compared with the untold wealth which it has yet 
to reveal and of which the work of the American 
Museum expedition of the last few years gives ample 
promise. We must expect, therefore, to have our 
knowledge of Asiatic primates, including the pre- 
cursors of mankind, largely extended, with the prob- 
able discovery of the radial focus of primate evolu- 
tion, somewhere within the limits of that continent. 
To-day the living Asiatic primates, except man, are 
found in what is known zodgeographically as the 
Oriental realm, the continental portion south of the 
Himalayas and their eastward extension, the Nan- 
Ling Mountains of China—that is, India, Farther 
India, the Malay Peninsula, and the southern portion 
of China. It also includes the islands of Sumatra, 
Borneo, Java, Bali, and the Philippines. Monkeys 
are also living in Japan, but their occurrence there 
may be in a sense comparable to that on the rock 
of Gibraltar. 

The classification of the primates is still in a state 
of flux, due to the continued discovery and elucida- 
tion of the older forms. For our purpose, however, 
the following is sufficiently detailed and precise. 
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Suborder 1. Lemuroidea 


These creatures are the lemurs or “half-apes,” and 
include, not only the most ancient living primates, 
but also those of Eocene time in both North America 
and Europe. They are apparently the stem stock 
from which all other primates have been derived, al- 
though the suborder also includes certain forms 
which still retain sufficient primitive characteristics 
to cause their inclusion within the group, but are 
nevertheless specialized, lateral offshoots out of the 
line of descent to the higher suborders. Their name 
means “ghostly” and refers to the nocturnal habits 
and characteristics of the living species, some of 
which are persistent types which have changed but 
little since the Eocene. To-day they are found in 
Madagascar, which is their headquarters, equatorial 
Africa, southern India, China, the East Indies, and 
the Philippines. 

In general characteristics the lemurs are more like 
ordinary quadrupeds and less man-like than are the 
other primates, and their brain development is cor- 
respondingly low. Their interest in our present 
research is mainly historical, as being the most ancient 
of our order and representing forms transitional with 
the insectivorous ancestral stock. 


Suborder 2. Anthropoidea 


This suborder includes all ‘living and extinct 
primates above the lemurs. The name is unfortu- 
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nate, for the.word anthropoid is generally restricted 
in popular usage to the great or man-like apes, here 
called the Simiide. The members of this suborder 
are characterized by being more highly organized 
than are the lemurs, more man-like, with a better and 
more complex brain, with grasping hands and feet, 
the latter having lost this power, of course, in the 
case of man. 

This suborder embraces all of the remaining 
primates, including mankind, and is, in turn, divided 
into two groups, known, respectively, as the New and 
Old World apes, which represent two parallel, but 
apparently isolated, evolutionary lines, the separation 
of which dates back to the early Eocene. 

Group Platyrrhini—These are the New World 
apes, such as the marmosets, capuchins, spider mon- 
keys, and others, and they possess several exclusive 
characteristics which are readily recognizable. These 
are the frequently prehensile or grasping character of 
the tail, the occasional reduction or loss of the thumb, 
the utter lack of cheek pouches for the temporary 
stowage of food, and of callous patches on the 
posterior region of the body. The name refers to 
the broad nasal septum which separates the nostrils 
from each other. Platyrrhine monkeys range from 
the Tropic of Cancer south through Central and 
South America to beyond Buenos Aires, although 
not, of course, in the Andean highlands south of the 
equator. 

Group Catarrhini—The Old World monkeys, 
apes, and man are included under this heading. 
Their characters are the reciprocal of those of the 
New World forms, in that the nostrils are close to- 
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gether and are directed downward, the tail is never 
grasping and may be vestigial or entirely wanting. 
Posterior callosities may be present and so may the 
cheek pouches. The thumb is never reduced and is 
fully opposable to the other digits, which may also 
be true of the great toe. 

Three families of catarrhine primates are recog- 
nized: the Cercopithecidz, or tailed apes, such as the 
macaques, baboons, and the like; the Simiidz, or 
tailless man-like apes; and the Hominidz, or men. 
Of these the Cercopithecide alone are like those of 
the New World in general appearance, for there is 
nothing in the original New World fauna comparable 
to the gorilla and chimpanzee, or to man. A few 
technical details will suffice. They generally 
possess cheek pouches, and callosities, which, in some 
instances, especially among the mandrills, are most 
strikingly colored. Their breastbone is narrow in 
contrast with that of the man-apes and man, and they 
do not, as in the latter two, possess the somewhat 
doubtful blessing of a vermiform appendix. Their 
distribution to-day includes Gibraltar, their only 
European outpost, and the adjacent northwest corner 
of Africa, the remainder of Africa south of the 
Sahara, the southwestern part of the Arabian Penin- 
sula, the Oriental realm as we have defined it, and 
Japan. 

Family Simtide. The man-like apes —TVhese are 
tailless and possess neither cheek pouches nor 
callosities, except that the latter are present in the 
gibbons. They have a broad breastbone, the vermi- 
form appendix, hair on the under side of the body 
and limbs, and an opposable thumb, all of which 
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features are also characteristic of mankind. The 
chief broad distinction from mankind to be men- 
tioned here lies in the relative length of arms and 
legs, for in the Simiidz the arms are the longer. 

Living man-apes are grouped under four genera, 
two of which are African and two Asiatic. A number 
of fossil genera, ranging back into the Miocene, have 
also come to light. 

Because these creatures lie nearest to mankind 
of all animate nature and therefore aid us somewhat 
in our visualizing of human ancestry, it is well to dis- 
cuss them in greater detail than the more distantly 
related primates. 

The most primitive of the Simiidz belong to the 
gibbons of which there are several species, varying 
in color, habits, and proportions. Their distribution 
covers Indo-China, Sumatra, Borneo, and Java. In 
size they are the smallest of all, but possess the 
longest arms, and their skill as arboreal acrobats 
surpasses that of any of the rest. Their powers of 
hand leaping are marvelous, as they progress by 
prodigious leaps from tree to tree for hours. It 
would seem as though this method of locomotion 
must call for an initial intelligence of a very high 
order, for each leap, covering as it does a variable 
distance, must require the instantaneous solution, al- 
though subconsciously, of a rather complex problem, 
of which the data include distance, trajectory, wind- 
age, the ability of the aimed-at branch to bear the 
weight, for the creature must neither over nor under- 
shoot its mark, or the penalty may be death. Whether 
or not the experience thus gained can in any way 
affect the heritage we do not know, but it would 
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seem as though the accumulated experience derived 
from generations of ancestors must be a factor in the 
psychic evolution of the race, comparable to the in- 
heritance of instinct. We emphasize this, for, while 
the gibbons are the farthest from man in blood rela- 
tionship of any of the family, yet they have re- 
tained more than has any other genus the primitive 
characteristics and habits of the common ancestors 
of the Simiide and man. Hence it is highly probable 
that the human precursor was schooled in an environ- 
ment and mode of life comparable to this. 

Simia satyrus is the orang-utan of Sumatra and 
Borneo, where its ancestors found asylum after being 
driven from the mainland and where it now inhab- 
its the dense swampy forests. This is the reddish 
ape that one sees occasionally in captivity, in contrast 
to the black-haired chimpanzee. These creatures 
are rarely over four feet in height, when standing 
erect on the hind feet, but their arms are very long 
and the body is very bulky, measuring some two- 
thirds the height in circumference. An adult male 
may weigh two hundred and fifty pounds, therefore 
far exceeding the weight of man, except for occa- 
sional abnormal individuals. While less specialized 
for arboreal life than is the gibbon, the orang’s 
limbs and especially the hands and feet, with their 
rather slender, curved bones, are more specialized 
than in the chimpanzee and gorilla, in which they 
are more like those of man. Orangs are by no means 
as agile in the trees as are the gibbons or even the 
chimpanzees, climbing more lke a man, rather 
clumsily. The skull is rounded, of great vertical 
height, and the old males develop brow ridges and 
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a bony crest for muscular attachment. Adult males 
have the face surrounded by a flange of flesh, which 
gives it a very peculiar aspect. They are intelligent, 
but sluggish, until stimulated to movement by hunger 
or some other emotion. 

The chimpanzee, Pan pygmaeus, is taller than the 
orang, sometimes measuring five feet, and with 
relatively shorter arms. The Siac skull in 
particular is interesting in our study, for, with its 
projecting brow ridges and general character of the 
face, jaws, and chin, it is not unlike that of the more 
primitive species of prehistoric man, which we have 
yet to discuss. The skull is longer than in the orang 
and has the same muscular crests. The female skull 
is more like that of man than in any other anthro- 
poid; the dentition, of course, differs. All anthropoid 
skulls are short, whereas all prehistoric men have 
long skulls. The human round head is a specializa- 
tion toward the simian type. 

In distribution the chimpanzee is found in western 
equatorial Africa. There may be several species or 
varieties, as in the gibbons. They are found in 
troops up to ten and they climb and swing from 
branch to branch much more freely than the orang, 
though less so than the gibbons because of their 
greater weight. 

The gorilla, Gorilla gorilla, is the largest of apes 
and has the most terrible reputation of utter savagery. 
Late accounts by Akeley,’ however, paint this giant 
among animals in much milder hues, and he knows 
from direct contact with the creature in its native 
fastnesses. In stature it is huge, five feet seven and 
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a half inches, with a weight of three hundred and 
sixty pounds for a known male.’ The legs are so 
short, however, as compared with tMe torso, that, 
were they lengthened to the relative proportions 
of a man, the creature would stand over seven feet. 
The chest, arms, and shoulders are mighty, and so 
man-like in their general aspect that they give one a 
greater sense of awful power than a much larger 
animal of a totally different sort might, as one can- 
not but view them in terms of humanity. The color 
of the gorilla is dark brown to black, with black hair, 
graying with age. It is the negro among simians and 
seems to show that environment in some way de- 
termines this, when one realizes that its home in 
west and central equatorial Africa is in the heart of 
the negro’s own country. The head is ponderous, 
although the actual brain case is relatively small, as 
compared with that of man, the contents being less 
than one half that of the average European. The 
beetling brow ridges and the high median crest for 
muscular attachment, the powerful jaws, receding 
chin, and huge interlocking canine teeth, all add to 
the bestial character of the face, which is accentuated 
by the terrific facial contortions of the animal at bay. 
The arms are proportionately longer than in the 
chimpanzee, so that the body is more erect than in the 
latter, but it is never really upright. The great size 
and clumsiness of the creature render a truly arboreal 
life increasingly difficult with age, so that even a 
young adult is eighty per cent terrestrial and after 
middle age practically entirely so.** The food of the 
adult gorilla consists of roots and the tender sprouts 


1 Akeley, 1923, Pp. 441. 2 Morton, 1922, p. 308. 
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and fruits of such trees as it can tear down within its 
reach. Therefore it is necessary for it to eat a great 
deal of food because of its relatively innutritious 
character, which has, in turn, produced a huge abdo- 
men. A vicious circle seems to have been set up 
which will make it increasingly difficult for the 
animal to survive without a radical change of habits, 
asinman. The foot is becoming very man-like as a 
result of terrestrial adaptation, but it is doubtful 
whether the gorilla would ever evolve into a truly 
man-like form, for it has seemingly already retro- 
gressed, at least mentally, from the condition of its 
ancestry and is becoming more bestial and less human, 
instead of the reverse. 

An interesting phenomenon of mental retrogres- 
sion has been observed in all of the males of both 
chimpanzee and orang in the possession of the New 
York Zodlogical Gardens. They are very childlike, 
tractable, and educable up to a certain point, that of 
puberty, when they begin to grow surly and morose 
and have to be placed in solitary confinement for the 
remainder of their lives. Beebe’ believes this due 
to the increase in power of the jaws and jaw muscles, 
which, in turn, react upon the skull, developing the 
median crest and actually thickening the cranial walls. 
This, he thinks, presses upon the brain, with the con- 
sequent mental reaction. Young gorillas in captivity 
have never reached maturity, as they die of home- 
sickness and melancholy, in spite of the most tender 
care. But as young creatures even the males are 
highly intelligent and lovable, and it is difficult to 
realize that one is not dealing with a human child. 


1 Beebe, 1906, pp. 468-469, 
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It is probable that their reaction upon sexual maturity 
would be in every way comparable to that of the 
chimpanzee and orang. It is quite ufiderstandable, 
however, that their confinement may accentuate a 
tendency which would be less marked in a free ani- 
mal. Certainly the reaction of a normal human 
being in like circumstances would probably be com- 
parable. But what it seems to point to is this, that, 
as we have already emphasized, the simians, with the 
probable exception of the gibbons, have retrogressed 
from the relatively high estate of the common an- 
cestors from which they and man have sprung, and 
while mankind has progressed onward and upward 
from the ancestral condition, his simian cousins have, 
due largely to force of circumstances, such as the re- 
tention of arboreal life amid enervating tropical con- 
ditions, arrived at an inferior plane. 

Having found man’s place in nature, together with 
his relationship with the nearest allies—and he ap- 
parently lies nearer the chimpanzee-gorilla group 
than that of either the gibbon or orang—it is in 
order to try to visualize the coming of man. Of this 
the data are largely indirect or inferential; neverthe- 
less, an hypothesis has been set forth, largely the 
thought of one of the most brilliant visualizers of the 
geologic past, Joseph Barrell,’ of lamented memory. 

The actual record of human existence goes back 
to the beginning of the Pleistocene, if not late Plio- 
cene time, a duration of some five hundred thousand 
years. But these early human types, while much 
more primitive in skull and jaw than is modern man, 
are none the less a decided evolutionary advance over 


1 Barrell, 1917. 
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his prehuman ancestor, implying an antiquity for the 
family of man and his precursors of at least a million 
years. If we seek for the arboreal ancestor, there- 
fore, we would not find him in sediments later than 
the Miocene, and Barrell was inclined to think that 
the momentous descent from the trees occurred as far 
back as Oligocene time. 

One must imagine, therefore, somewhere in central 
Asia, vast forests, stretching over many a square mile 
of woodland, broken only near lakes and river 
courses where broad savannahs and meadow land ex- 
isted. Within these forests dwelt many primates, 
true tree folk, for none had yet dared descend per- 
manently to the ground to combat the mighty car- 
nivores and other roving quadrupeds in their native 
environment. Among these primates were not only 
the ancestors of certain of the tailed apes, but others 
belonging to the Simiidz as well. During Oligocene 
time began a great crustal uplift, culminating in the 
Miocene and leaving as a record of its occurrence not 
only the continental elevation as a whole, but the 
initial growth of the Himalayas that were to cut off 
the northern and central portions of the continent 
from the tropical Oriental realm as we know it to- 
day. The ancestors of the four great apes must have 
made the passage southward before the barrier was 
prohibitive, but they left behind in the primitive 
home, among other allied types, the ancestors of 
mankind. The Miocene uplift had a profound ef- 
fect upon climate, especially in the induced aridity; 
it also probably meant a diminution of temperature 
below that necessary to sustain the tropical forests 
which primates love. There would result a reduc- 
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tion of these forests and a shrinkage from the wide- 
spread continuous woodland, where the mightiest of 
primates could find ample scope, to isolated tree-clad 
areas, which would support a forest ‘dweller only as 
he became partly terrestrial in his habits. It is quite 
probable that there then existed more than one such 
primate form, but it seems equally evident that only 
one survived, possibly because of higher initial fitness 
which, stimulated by consequent habits and manner 
of life, made it in a sense a chosen race, destined to 
fill the rdle of humanity. 

As a consequence of further shrinkage of the 
wooded areas these creatures could not sustain them- 
selves in the trees at all, and they became essentially 
terrestrial, climbing for retreat when hard pressed 
or with the coming of night, but forced to find their 
sustenance on the ground. More adaptable by far 
than the gorilla, by reason of his higher intelligence, 
the human precursor sought for and obtained food 
from other sources—small animals, insect larve, wild 
honey, as well as plant life, especially the seeds of 
certain grasses that grew in the open places stimu- 
lated by the climatic change. These grasses, the 
forerunners of our modern grains, together with the 
animal food, made this ancestor more independent of 
restricted conditions than any other primate. 

With the coming cold of the glacial period came 
the need of shelter, and, probably as an accidental 
discovery, the harnessing of fire. It may have been 
before this that, as his prowess increased, due largely 
to his use of some sort of weapon and his natural cun- 
ning, animals were slain of sufficient size to make the 
pelts of use, for some sort of protection against the 
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cold. Sitting in the lee of such a thing thrown acci- 
dentally over a bush might prove agreeable, and the 
hanging of the pelt on the windward side of the body 
would be a consequential act, as the Patagonian In- 
dians are said to do'to this day. With the adoption 
of clothing would come the further loss of hair; its 
initial diminution might lie back of this, as with the 
great apes, some of which, like the orang, habitually 
cover themselves with leaves when they are cold. 
Our feeling is, however, that man would never have 
developed his delicate hairless skin, which is hardly 
an advantage, even in a tropical forest, had he not 
adopted clothing first. 

By his use of a varying food, clothing, and fire our 
precursor became largely independent of climatic 
conditions, just as by his shrewdness, the use of crude 
implements, and his mutual aid he became more or 
less immune to the attack of wild animals. Then 
began his world-wide migrations in ever widening 
circles from his pristine home until he became the 
cosmopolitan type we now know him to be. 

There were doubtless more or less profound 
changes in the prehuman body after the descent from 
the trees. Some of the later of these are recorded 
in the recovered species of fossil man and will be 
recounted below; others of them are inferred from 
our other lines of evidence, morphology and on- 
togeny. These are largely the distinctions between 
the Hominide and the Simiidz that we have already 
discussed, not that man is descended from any of the 
existing apes, but that his ancestors were certainly 
more ape-like than human, and one would be some- 
what at a loss to describe them if he left the word 
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ape out of his definition, whatever might be his 
prejudice. 

The assumption of the erect posture, with the 
alternating curvature of the spine, the basin-shaped 
pelvis, the better balance of the skull upon the neck, 
the shortening of the arms, the lengthening of the 
legs, the straightening of the thigh, the better adap- 
tation of the feet to bear the weight of the body, in 
the development of the arch and the habit of walking 
more on the sole and less on the side, the loss of 
opposability of the great toe, so that it comes to lie 
parallel with the others, its increase in size, so that 
the axis of the foot lies within it—all are mechanical 
adaptations from the arboreal to the terrestrial mode 
of life, for prehistoric man could not be effective in 
the latter environment if his method of locomotion 
were as faulty as that of any anthropoid ape upon 
the ground. He must escape from his enemies, 
brute and human, and chase his prey; hence he shows 
a marked running adaptation, as compared with any 
other primate. His bipedality liberated the hands 
from their sometime duty as locomotive organs, leav- 
ing them free to become the organs of the mind. 
This must have had a direct influence, both upon 
brain power and upon the reduction of the muzzle 
and the loss of general utility of the jaws, which re- 
acted in the evolution of the peculiarly human face." 

Because of his communal life and co-operative 
genius and labor, man has become largely independ- 
ent of the laws which govern the bodily form and 
structure of other forms of life, for his adaptations 
are now largely extrinsic and do not mold the body 
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as once they did. When the animal is out of har- 
mony with environmental needs, he must either 
undergo physical adaptation or be declared unfit and 
perish. Man alorie, by his intelligence and co-oper- 
ation with his fellows, can harmonize the inhar- 
monious. 


CHAPTER IX 
HUMAN PREHISTORY 


Our discussion of the origin of man was largely 
hypothetical, as it is not founded upon direct evi- 
dence such as paleontology can show. We have now 
to review and weigh the actual documentary data in 
so far as they have been revealed to us. The mate- 
rial is yet meager, but is coming to light in increasing 
amount and perfection, so that the future will add 
greatly to the completeness of our knowledge of 
human evolution. 

Character of the Evidences—The first are actual 
bones which have been entombed by natural or by 
artificial buria] in such a way as to be hermetically 
sealed and thus preserved. This is fossil man, pro- 
vided the antiquity be great enough, although petre- 
faction, that is, actual mineral replacement, is not 
necessarily implied. 

The second line of evidence consists of the refuse 
heaps, or kitchen middens,’ a loose translation of the 
Danish Kjékkenméddings, kitchen leavings. From 
these it is possible to reconstruct, in part, at any rate, 
the daily life of the people who left them, their 
food, and, to a certain extent, their degree of cultural 
advance. Nothing can, of course, be learned of the 
physical appearance of the people themselves, which 
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is, after all, the purpose of our present study. The 
same is true of the third group of evidences. 

This consists of the actual artifacts made by primi- 
tive man, or even’such things as show the result of 
use and not conscious fabrication. They are mainly 
implements of the chase or for domestic use and are 
made of several substances—stone, bone, copper, 
bronze, or iron. The collective implements of any 
one time and place and which show the same char- 
acter and degree of skill in their fabrication are 
known as those of a given culture, and anthropolo- 
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gists—especially those of Europe, which was occu- 
pied by a succession of peoples and for so long a 
time—have classified them and brought them into a 
definite chronology that has become the standard of 
the world," as it has been synchronized with the geo- 
logical record, particularly with the successive ad- 
vances and retreats of the ice during the Pleistocene 
glacial period. 

It is at once manifest that, as there are races in 
a primitive state of culture—that is, savagery—to- 
day, living contemporaneously with the highest 
European and American civilization, so there always 
have been static and progressive peoples throughout 
human history and prehistory, as with animal races. 
Thus the Tasmanians, the last of whom, Truganini, 
died in 1877, were in a stage of culture comparable 
to that of Europe in mid-Pleistocene. It is neces- 
sary, therefore, to confine oneself to a given region 
where there has been an orderly progression since 
the earliest time, as in Europe. 

For our purpose it is not necessary to detail the 
characteristics whereby each European culture is rec- 
ognized by experts; the mere enumeration and gen- 
eral characterization given in the table will suffice. 

The first actual implements may well have been 
wood, a club or pointed stick; but these have per- 
ished. The first preserved implements, if such they 
may be called, bear no evidence of purposive man- 
ufacture, but merely of use; as when a man sought 
out a convenient stone, fashioned by nature to a size 
and shape suitable to his hand, and used it for a 
certain purpose, as a tool-less small boy will to this 


1 Osborn, 1916, p. 41 and Lull, 1922, p. 4. 
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day. Such implements are called eoliths, or dawn 
stones, in allusion to their being the first used by 
man. Savants have disputed over these eoliths, as 
to whether or not they may have been produced by 
natural agencies, such as the abrasive effect of a 
stream rolling the stones together. Whether many 
which are labeled eoliths in our collections were really 
used by man one cannot surely say, but it is morally 
certain that such a stage of culture actually preceded 
the next, for it is inconceivable that man learned to 
manufacture implements before they were ever used. 
It will readily be seen that the Eolithic period 
covered a very great length of time, probably as long 
as or longer than that which has elapsed since. 
When the art of fabrication was invented, however 
crude the manufacture, the eoliths* became paleoliths, 
ancient stones. The Paleolithic, in turn, shows a 
number .of cultural stages, Chellean, Acheulian, and 
Mousterian, which constitute the Lower Paleolithic, 
and Aurignacian and Magdalenian, which form 
the Upper. As soon, however, as man learned to 
rub his implements smooth or to a smooth edge on 
another piece of stone, instead of leaving them in 
their chipped state, no matter how finely wrought 
they might previously have been, he had passed from 
the Paleolithic to the Neolithic, new stone stage of 
culture. Paleoliths, therefore, were the chipped 
implements fashioned either by percussion or by 
pressure or by a combination of the two, where the 
rough form was hewn out by smiting rock and rock 


1 This conception differs from that of MacCurdy, as stated in his “Human 
Origins,” which appeared after the preparation of this book. He calls all 
Mliecene implements eoliths, and all Pleistocene ones paleoliths, making the 
distinction one of time rather than of fabrication. 
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and the finer details by pressing against the edge 
with a piece of bone or other material. The neo- 
liths, on the other hand, are the polished stone im- 
plements—axes, knives, chisels, and the like—al- 
though Neolithic man might well chip his arrow 
points while polishing his other implements. 

The next stage in human culture was shown by the 
use of copper for implement production, and it was 
not long before man learned to combine his copper 
and tin, thus giving a resultant bronze, harder than 
copper and less brittle than tin. He at first used 
the pure or native metals as he found them; later, 
probably by accident, he learned that charcoal united, 
through the agency of fire, with certain rocks, which 
were in reality copper ores, would produce the metal- 
lic copper, and the art of primitive smelting was 
attained. 

Meteoric iron and later smelted iron ores gave him 
a new and more abundant, though less durable, mate- 
rial than copper alloy, and man passed from the 
Age of Bronze to that of Iron. The metallic ages 
have been of short duration compared with the Neo- 
lithic, and that again is brief compared with the 
Paleolithic, the Eolithic, as we have seen, being 
longer still. 


Fossil Man 


There are but two conditions, with rare exceptions, 
under which fossil man has thus far been found, in 
river valley deposits (river drift), or in the limestone 
caverns, notably those of Europe. 

River-drift men are much the older in Europe, 
although not necessarily so, for the limestone cav- 


268 THE WAYS OF LIFE 


erns, which are old, dry, subterranean watercourses 
dissolved out of the limestone, were not available as 
the abode and sepulture of man until late Pleistocene 
time, when continental elevation caused the waters to 
seek newer and lower channels and the old caverns, 
through the agency of rains and frosts, became open 
to the outer world. 

Fossil man is very rare. River-drift men prob- 
ably were, in every instance, the result of drowning 
accidents, never of artificial burial, whereas the cav- 
ern men are generally either actually inhumed or 
placed in a corner of the cave to be buried in accumu- 
lated debris or cave earth. The rarity, therefore, 
may be due to the natural shrewdness which made 
drownings infrequent before the days of navigation. 
Then, too, early man was doubtless largely forest- 
dwelling, when such was possible, and forest-dwell- 
ing animals constitute the rarest of fossils. The 
chance of burial before the disruption of the bones 
is very remote in the presence of the fungi that 
straightway destroy them. Burial customs, burning 
and otherwise disposing of the dead, which are 
practised by savage tribes, render the chances for fos- 
silization small, for, as we have seen, the burial must 
be hermetic, and, as a further requirement, the bones 
must not be subject to alternate wetting and drying, 
but remain one or the other. Under the circum- 
stances the amazing thing is, not that we have so 
few, but that so many specimens have come to light, 
especially since it is manifest that much has been 
destroyed by the unthinking discoverers and the con- 
sequent lack of appreciation of the finds. 

But not all apparent fossils of mankind are truly 
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ancient. Certain criteria enable us to establish an- 
tiquity, and sometimes to date the material with rea- 
sonable assurance, but in many cases of insufficient 
proof, it is difficult to arrive at undisputable facts 
concerning a particular discovery. The criteria are: 

First, the stratigraphic position of the specimen, 
whether in absolutely undisturbed strata with no 
evidence of an intrusive burial, for manifestly an 
interment might readily be made down into older 
strata, with a consequent association of new and old 
that would be quite misleading. Scattered remains, 
such as those of the river-drift men, cannot represent 
an intrusive burial; of an articulated skeleton, es- 
pecially when surrounded by artifacts, we are not 
always sure. Again, material from above may be 
undermined and washed down over the face of a cliff 
or other cutting, and thus appear to be an undisturbed 
part of much older strata, whereas as a matter of 
fact it is only a veneer. The so-called Cuzco man 
discovered by a certain Peruvian expedition proved 
to be such an occurrence when expertly studied." 

Second, degree of fossilization or mineralization is 
a valuable, but not an absolute, test, for in saturated 
soils containing a high percentage of minerals in so- 
lution the impregnation of the bones may be very 
rapid and give them an unwarranted appearance 
of age. 

Third, association with extinct animals of known 
antiquity is also of value, provided the burial is not 
intrusive. Here again, however, a chance for error 
arises, for sediments are sometimes eroded and re- 
deposited and the contained animal bones may thus 
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be older than the strata in which they are found. If 
this be the case, however, they are usually abraded, 
but this may also be true of fossils of the same age as 
the strata, if the sediments are those of an active 
stream or a wind-whipped shallow sea. 

Fourth, anatomical or structural distinctions from 
existing animals or man are a pretty sure test of an- 
tiquity, although even here some are prone to believe 
the subject abnormal. On the other hand, the per- 
centage of abnormality to normal individuals in 
nature is very small, which renders remote the chance 
that a given find represents other than the ordinary 
type of the race. 

With these criteria in mind, it were well to review 
briefly the record of the various continents, starting 
with our own. 

North America-—Here there have been a num- 
ber of discoveries of the remains of man and of 
human artifacts associated with extinct animals, such 
as the Pleistocene mastodon and buffalo (Bison an- 
tiquus). Of the actual human specimens the prin- 
cipal localities are Trenton, New Jersey; Vero, 
Florida; Dallas, Texas; Lansing, Michigan; near 
Omaha, Nebraska; in Calaveras County, California; 
and elsewhere. Some of these specimens were found 
in actual association with Pleistocene creatures with 
which they agree in extent of fossilization. But the 
anatomical test dces not bear out the other criteria 
for their antiquity, for each specimen presents fea- 
tures in no way different from those of existing 
North American Indians.* The inference is, there- 
fore. that they are at most but a few thousands of 


2 all r922,0p. 910s 2Urdlicka, 1907. 
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years old, or else that the Indian type, which is a 
member of the Mongoloid variety of our own spe- 
cies, Homo sapiens, is very, very old. Of the last 
assumption there is as yet no convincing proof. The 
paleontologists would, I believe, be apt to accept 
this material as actually ancient, but the ethnologists 
will not have it so, and thus the matter rests for 
the present.’ 

South America-—The same is true of South 
American finds, some of which were misinterpreted 
as to age, others not even human, and none of them 
natural burials in other than superficial deposits.” 

As the weight of evidence now lies, the New 
World has not, geologically speaking, been long peo- 
pled by humanity, and the more ancient man-like 
species to be found in the Old did not succeed in 
reaching our shores.* One notable exception to this 
statement is Hesperopithecus, lately discovered in the 
Snake Creek, Pliocene, beds of western Nebraska. 
This has received the approval of Osborn* and Greg- 
ory, whose opinion is of the highest importance; 
nevertheless, the evidence is extremely meager, a 
molar tooth and another badly water-worn one, 
which in itself would be considered inadequate. This 
tooth compares most nearly with the chimpanzee, 
Pithecanthropus (see p. 275), and man, but the con- 
dition of the specimen is such that one can assume 
no more than that it was structurally related to all 


1Sellards, et al., 1917. 2 Hrdlicka, 1914. 

2W. K. Gregory says the Indian race has inhabited both North and South 
America for a very long period, probably since late glacial times. The ex- 
tremely primitive character of many Indian molars and premolars suggests 
that the race has been derived from some very low group preceding the 
Cr6-Magnons and allied to the stem of the Mongoloids. 

4Qsborn, 1922 b. 5 Gregory and Hellman, 1923 a, BD. 
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three. The amazing thing is the finding of such 
a large primate, or in fact any primate at all, in 
rocks of that age and so far from its Old World 
relatives, for clearly it does not belong to the New 
World group. These sediments contain other ani- 
mals, antelope and such forms, which are distinctly 
Asiatic in their affinities. It is probable that Hes- 
peropithecus, being independent of the normal 
primate habitat, the tropical forests, migrated with 
the rest from Asia to the New World, but appar- 
ently did not establish itself here as the precursor 
of a race. 

Africa has produced evidence of prehistoric man, 
first and indirectly in mural decorations of certain 
caverns in North Africa comparable to the Mouster- 
ian art of Europe to be referred to later.* Of actual 
skeletal remains, but two occurrences are recorded.” 
One in. Oldoway Ravine, Tanganyika Territory, was 
reported by German authorities during the early 
days of the Great War. It is said, however, to be 
neither very old nor very primitive, and, as such, may 
be dismissed from our discussion. Comparatively 
recently a highly interesting human form has come 
to light in the Broken Hill Mine in northern Rho- 
desia. Two individuals are represented, although 
the second is very fragmentary. They were found 
under hundreds of tons of mineralized bone, but the 
creatures with which they were associated are recent, 
that is, alive at the coming of the white settlers, 
which makes the dating of this otherwise primitive 


1Sollas, 1911, p. 136. 

2As this book is printing, there comes the announcement of the finding 
of a man-ape, Australopithecus africanus, at Taungs, Bechuanaland, South 
Africa, representing a form more ape-like than Pithecanthropus. See Dart, 
1924. 
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type difficult. This is Homo rhodesiensis, to be dis- 
cussed in detail later.’ 

Asia has thus far produced but a single specimen, 
that of Pithecanthropus, from the banks of the Sula 
River in Java, which was at the time the individual 
lived a part of the continent. The importance of 
Pithecanthropus 1s incalculable, as it is by far the old- 
est type thus far discovered and in structural position 
exactly what one would expect for its time and place. 
For we believe Asia to be the original home of man, 
Europe, whence most of the specimens of fossil man 
have come, being altogether too small to be the radi- 
ation center of so important a group. It is, zodgeo- 
graphically speaking, merely a peninsula and, as such, 
an integral part of Asia itself. Our reasons for 
looking to Asia as the probable area which will solve 
the problems of human origins are several: its great 
size and position, with ease of communication to the 
other continents; the fact that here more than in 
any other place the possibilities of climate and physi- 
cal conditions harmonized with our theory of human 
origins; that the highest and best of other mammal- 
ian evolutionary lines are Asiatic; that, almost with- 
out exception, the animals and many of the plants 
which man has domesticated are also Asiatic; and 
that here are records of the oldest civilizations 
known, and back of these lie remains of cities of 
which even the traditions are lost in the obscurity 
of time; and finally that the oldest humanoid fossil 
thus far brought to light in Asiatic. 

Australia has produced at least one very ancient 
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and primitive skull from Talgai,’ but how it com- 
pares in antiquity with those of Europe and Java is 
not yet clear. 

The European.record is an increasingly valuable 
one, covering, as it does, almost the entire range of 
the Pleistocene and recent periods. The specimens 
are so many and so widespread over Europe that it 
were best to reserve an enumeration until the several 
species are discussed in order. They do not, how- 
ever, as we have emphasized, represent an evolution- 
ary line, but rather are they indications of repeated 
waves of migration from Asia, rarely from the Afri- 
can continent. 

Whatever may be the result of future discoveries, 
this much is already an established fact: that human 
antiquity is very great, not only because of the known 
age of fossil man, but from corroborative evidence 
as well, such, for instance, as the extent of his 
physical variation. Gregory names and defines no 
fewer than twenty-six separate races of mankind, 
with a number of subraces in addition. ‘These can- 
not have arisen except as the result of long years of 
geographical adaptation and partial isolation at least. 
Man’s distribution is world-wide; he shares with few 
other creatures, such as the dog, the distinction of 
being cosmopolitan. This is not so impressive a fact 
in these days when an airplane can fly the Atlantic in 
a few hours and a possible twenty-six hour mail 
schedule is maintained across the United States, but 
it will be when one remembers that human migra- 
tions in the past have been extremely slow, genera- 
tions being required for a relatively slight advance. 


1 Smith. S. A., 1918, and Gregory, 1922, pp. 486-489. 
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Witness the forty years of the Hebrew exodus spent 
in covering and establishing themselves at a distance 
that a coastwise steamer makes in a simgle night, and 
an airplane inan hour. The high intelligence of the 
superior races of mankind was doubtless very slow of 
attainment, and yet that intelligence, if we may judge 
from the revealed degree of the civilizations of an- 
tiquity, is in itself very old. 

Communal life, with sociological division of labor, 
is dependent either upon actual structural distinction, 
as between the sexes, or a considerable intelligence for 
its development. Gregarious life for mutual aid, 
with no differentiation of individual endeavor other 
than leadership, is a relatively common thing in the 
animal kingdom; but true communal life has been 
attained in but two groups—the social insects," ants, 
bees, wasps, termites, etc., and mankind. The in- 
sects which have attained it date as fully evolved 
beings from Eocene or Oligocene time, their evolu- 
tion since that time having been purely along com- 
munistic lines. Mankind, with his much greater in- 
telligence, has not taken as long, for there is no 
reason to suppose the precursor to have been other 
than gregarious, as are the apes; nevertheless, there 
is here supplemental evidence for antiquity. With 
communal life came the various human institutions— 
laws, religions—and these again are the product of 
an evolution of great duration. 

With these evidences in mind, let us turn once 
more to the fossil record, describing each form in 
order, not of discovery, but of chronological sequence. 

Trimil Ape-Man, Pithecanthropus erectus —The 
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most venerable hominoid relic thus far discovered is 
the Java ape man, Pithecanthropus erectus, found by 
a Dutch army surgeon, Dr. Eugene Dubois,’ in 1891, 
in the sands of the Sula River. The specimens were 
scattered over some fifty feet of space, but, as there 
is no duplication of parts, they are supposed to per- 
tain to a single individual. They consist of a cal- 
varium, or skull cap, a left thigh bone, and two 
molar teeth. Later, as the net result of a second 
expedition conducted by Madame Selenka, another 
tooth came to light, associated with an extensive 
fauna of mammals with a decided Pliocene aspect. 
The original material, now in Amsterdam, where 
Dubois is professor of physical geography in the 
university, was the subject of a detailed memoir by 
its discoverer in 1894. Further information will, 
it is hoped, shortly be published. 

Briefly summarized, the characteristics of this type 
are as follows: The estimates of the cranial capacity 
vary from 710 to 1,060 cc., Smith’s” latest being 
950 cc., as compared with a range of 930 to 2,000 
for modern man. The lower figure for Pithecan- 
thropus is well below the European average, whereas 
the upper lies between the human limits, but not far 
above the lowest. The fact that but the upper moiety 
of the fossil cranium is preserved renders the pre- 
cise cubic contents a matter of doubt; hence the vari- 
ation of estimate. In general, it may be said that 
the brain was some two-thirds that of the average 
recent man, or halfway between that of man and of 
the gorilla, a truly transitional type. The brain * is 


1 Dubois, 1894. _? Smith, G. E., 1924, p. 84. 
_ 3A. detailed discussion of this and other primitive brains has been pub- 
lished by G. Elliot Smith, 1924. 
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primitive, but more human than simian, and the con- 
tention which some have held, that the form repre- 
sents but a huge erect gibbon, is noteborne out. The 
teeth give indication of the peculiar rotary human 
mode of mastication, which would be impossible were 
the canines large and interlocking, as in the gibbon. 
The relative dimensions of the teeth imply certain 
palatal proportions upon which, as well as upon the 
development of the speech center of the brain, de- 
pend the possibilities of articulate speech. That 
Pithecanthropus could thus communicate, although 
perhaps in a very crude way,’ seems assured. 

The thigh bone of Pithecanthropus 1s illuminating. 
Except for an evidence of disease, which would not 
affect the posture of the individual, the bone is in no 
wise different from that of a modern man, thus indi- 
cating, as the thigh bone readily may, an entirely 
erect posture, not a semierect or stooping one, as one 
might imagine from its geological age. If the pro- 
portions were those of a modern European, the 
height would be about five feet six, as compared 
with the former’s average of five feet eight for the 
male. What physical peculiarities this type may 
have had we do not know. We are perhaps justi- 
fied, however, in making a tentative, somewhat 
simian, restoration of the face, with protruding tooth 
row and retreating chin, to go with the beetling brows 
and flat forehead which are preserved to us. Such 
a restoration does not pretend to be a statement of 
fact, but merely a conjecture, to stand or fall as fu- 
ture discoveries throw more light on the missing ele- 
ments. My own outline reconstruction here repro- 


1 Smith, 1924, p. 152. 
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Fig. 24.—Subhuman and Human Species: 1. Pithecanthropus. 
2. Heidelberg man, compared with a modern human jaw 
(dotted). 3. Piltdown man. 4. Neanderthal man. _ 5. Rho- 
desian man. 6. Cré-Magnon man. Drawn to scale. After 
Lull, from Evolution of Man. Yale University Press. 
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duced is adapted from one by Dr. J. H. McGregor, 
who has made most detailed anatomical studies of 
prehistoric man. ‘ 

The age of Pithecanthropus cannot be less than 
five hundred thousand years, antedating First Glacial 
time. He represents an intermediate type between 
man and the great apes in a sense; but his erect 
posture and slender limbs point to a specialized type 
not in line of descent to later man and probably 
driven southward through the pressure of the higher 
central Asiatic races, as were the Veddas* of Ceylon 
later in time. Reference has already been made to 
the associated mammals. There have been described 
no fewer than twenty-four species, all extinct, and all 
of them Pliocene, rather than Pleistocene, in their 
affinities. 

Heidelberg Man, Homo heidelbergensis.—This 
is without much question the oldest European which 
has thus far come to light. The discovery was made 
in 1907” at Mauer, Germany, on a tributary of the 
Neckar, and not far from the famous medizval town 
of Heidelberg. The jaws, for such they are, were 
found under seventy-nine feet of river sands under 
circumstances that precluded the possibility of in- 
trusive burial. Furthermore, except for the separa- 
tion of the two jaws at the chin and the breaking 
away of several teeth on the left side, which, how- 
ever, have been preserved, the specimen is absolutely 
entire. Thus the find is noted for the fact that its 
authenticity has never been doubted and no contro- 
versy whatsoever has arisen concerning it. In this 
regard it stands unique among fossil men. The jaw 


1 Gregory, 1922, p. 483. 2 Schoetensack, 1908. 
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is extremely massive, the main portion being like that 
of its direct successor, the Neanderthal man, al- 
though the slope of the chin and the rear ascending 
portion are very ape-like. Were the dentition ab- 
sent, the jaw alone would hardly be considered 
human, but the teeth, while primitive, are man-like, 
the canine not rising above the level of the remain- 
ing teeth. The teeth are relatively small for the 
jaw, though actually large, for the jaw is ponderous, 
with evidence of great muscular power. 

Heidelberg man may well be directly ancestral to 
Neanderthal man soon to be described, but whether 
to our own species is very questionable. There is a 
certain specialization of the teeth, which have very 
large pulp cavities, believed by Sir Arthur Keith 
to be an adaptation to a harsh vegetative diet. 
This is also characteristic of H. neanderthalensis, but 
our own teeth are more like those of the apes in this 
regard and therefore can hardly have been derived 
from the Neanderthal. The Heidelberg jaw was 
found associated with warm-climate animals. Its 
discoverer, Schoetensack, and the geologist Geikie 
both place the age as First Interglacial; Osborn,* on 
the other hand, makes it Second. Its age in terms 
of years, therefore, is four hundred thousand years 
more or less; the cultural stage Eolithic. 

Piltdown Man, Eoanthropus dawsoni.—This 
amazing type may be regarded as the oldest English- 
man, although such a title is misleading, if it be inter- 
preted as indicating racial affinity. It is a frag- 
mentary skull, found in 1911 near the Ouse, in Sus- 
sex, England. It was first brought to the attention 


1 Osborn, 1916, p. 95. 
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of the geologist, Charles Dawson, and by him laid 
before Arthur Smith Woodward,’ of the British 
Museum, who essayed the very difficult task of re- 
constructing the skull from the entirely separated 
pieces. On account of the lack of break contacts be- 
tween the bones, one cannot always be absolutely 
sure of how much space to allow between them; 
hence, when two or more attempt the same task, their 
results are bound to disagree in minor particulars and 
especially in the cubic contents of the skull. In ad- 
dition to the portions of the cranium shaded in the 
figure, there were found a part of the right lower 
jaw, a canine tooth, and the nasal bones. The jaw 
contained two molar teeth. The skull is enormously 
thick walled and contained a small and remarkably 
ape-like brain, although essentially human for all 
that. The forehead is high, but narrow, and the 
skull lacks the beetling brows of Pithecanthropus and 
the Neanderthal man. It is, however, supposed 
to be that of a female. The male equivalent might 
have had more prominent brows and a somewhat 
greater capacity. The jaw is so ape-like that ques- 
tion has arisen, especially in America, as to whether it 
actually belonged with the skull, one American, 
Miller,” going so far as to declare it that of a fossil 
chimpanzee which he called Pan vetus. High 
authority,’ however, claims that jaw and skull belong 
together, which is further corroborated by the find- 
ing of a second specimen about two miles away, 
which, while yet more fragmentary, shows the same 
association of jaw and skull., The skull was well 
balanced on the spinal column and not carried thrust 


1 Dawson and Woodward, 1913, 1914. 
2 Miller, 1915. 8 Osborn, 1921, b. 
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forward, as in the apes and the slouching Nean- 
derthaler, thus implying again an erect posture. We 
know absolutely nothing, however, of the bodily 
make-up of this curious admixture of simian and 
human characteristics. The jaws and teeth seem to 
indicate that they still had a rather varied use, im- 
plying little hand skill. This might retard the evo- 
lution of the face behind that of the cranium and 
thus account for the seeming disharmony. Rho- 
desian man, as we shall see, shows facial retarding 
inthe same way. With the Piltdown man are found 
primitive eoliths and a warm-climate fauna, but 
whether it is Second or Third Interglacial is not 
yet clear. Its age may range back to three hun- 
dred and seventy-five thousand years, but it may be 
much younger (one hundred and fifty thousand). It 
is again supposed to represent a lateral descent line 
arising near the stock of the modern line, but one 
which died without issue. 

Neanderthal Man, Homo neanderthalensis —This 
is in many respects the best known of fossil men, and 
our knowledge of him colors the popular conception 
of what prehistoric man was like. 

The first of many specimens came to light at Gi- 
braltar in 1848, but for some reason or other this 
skull, which really is highly instructive, aroused so 
little attention that it was totally unappreciated until 
recently. The second find in a cavern at Neander- 
thal, Germany, in 1856, fell into appreciative hands 
and was made known to science in such an emphatic 
way that, while it aroused a storm of opposition, it 
became, none the less, the type of the race. A skull 
which departed so markedly from the normal human 


HUMAN PREHISTORY 233 


being, curiously curved thigh bones, thick clumsy 
joints, could hardly be considered as representing 
other than some unfortunate waif of humanity, the 
result of disease or a terrible congenital deformity, 
as Virchow contended. It was not until the dis- 
coveries in a grotto, near Spy in Belgium in 1887, of 
two men of the same sort, that the Neanderthal man 
was generally accepted as the representative of a 
race and not merely an abnormality. Since the dis- 
covery at Spy other specimens have come to light at 
Le Moustier, La Chapelle aux Saints, La Ferrassie, 
and other localities in France, Bafiolas, Spain, 
Krapina, Austria, and elsewhere. Of these the man 
of La Chapelle is in many ways the most notable, as 
the material is very perfect and has been elaborately 
monographed by Boule.* Neanderthal man (Homo 
neanderthalensis, primigenius, Of mousteriensis, as he 
has been variously called) proves, therefore, to be a 
very distinctive race, although showing some local 
and time variation, as he existed in Europe for more 
than fifty thousand years. He is doubtless a deriv- 
ative of the stock of Homo heidelbergensis. Whether 
he evolved in Europe, unrecorded or undiscovered 
from Heidelberg time until his actual appearance in 
the Fourth Glacial, is not known. 

The stature of H. neanderthalensis is four feet 
eight to five feet three, the former being nearer the 
average. In posture he has been described as stoop- 
ing, because of the curved thigh bones and the pre- 
sumable lack of the neck curvature in the spine. The 
heavy head was carried thrust-forward in a bestial 
manner; the position of the facets, which articulate 
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with the neck and the foramen magnum where the 
spinal cord enters the skull, points to that. But that 
the bodily posture was any more than a slouching 
one, such as that of many individuals of our own 
race, is doubtful. The limbs are short, especially 
from the knee downward, and the hands and feet are 
clumsy. There is no evidence, however, of an ape- 
like length of arm. 

The skull is very large, with a cranial content of 
at least sixteen hundred centimeters, but is long and 
depressed, especially in the rear. The brow ridges 
are huge and meet across the forehead, which ac- 
centuates the depressed nasal bridge. The upper 
lip was long and the chin retreating, but much less 
so than in the Heidelberg man. The teeth vary 
in size, but there is indication that the jaws still 
served for general utility, as the use of tools was by 
no means a perfected art. This man possessed a 
large brain, but primitive and of a conservative type, 
which shows little tendency for further evolutionary 
advance, especially in the frontal region, wherein 
the higher mental faculties have their seat. 

Neanderthal man had learned the use of fire, and 
his implements, belonging to what is called the 
Mousterian culture, are of fine workmanship. It is 
doubtful, however, whether he possessed a hafted 
weapon. 

One interesting feature, which is manifest for the 
first time in Neanderthal man, partly, no doubt, due 
to the fact that he is the oldest cave man known, is 
the practice of reverential burial of the dead. These 
were laid away, in some instances surrounded by ar- 
tifacts of such perfection that they must have repre- 
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sented a very real sacrifice on the part of those who 
placed them there. And in one instance there were 
the bones of some sort of bovine aninfal, in such rela- 
tion to one another that they imply the former pres- 
ence of the flesh, as though food were provided, in 
addition to the implements, to serve the person in 
his journey into the hereafter. To my own mind 
there can be but one satisfactory explanation of this, 
and that is that it manifests on the part of this ancient 
race some belief, however vague, in spiritual sur- 
vival after bodily death. 

Neanderthal man as a race has been utterly blotted 
out, possibly through an unendurable competition 
with the invading man of Cré-Magnon. He was 
never greatly numerous, even though he endured so 
many generations, and his defeat and elimination 
may not have been at all difficult for a superior race.’ 
Whether any have survived is questionable. Some 
have claimed that the native Australians, probably 
the lowest existing race, are persistent Neanderthals. 
But the Australians are tall and slender, and, while 
occasional individuals show one or another of the 
Neanderthal characteristics, no one man of them 
shows all. There is every probability that Nean- 
derthal blood in very diluted form may yet be extant 
and account for certain atavistic features which oc- 
casionally crop out in modern Europeans. To what 
extent these apparently archaic features may be due 
to the influence of the ductless glands is not, how- 
ever, clear. The period of the ascendancy of the race 
was from forty to twenty-five*thousand years ago. 

Rhodesian Man, Homo rhodesiensis.’—The 
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specimens of Rhodesian man were discovered in the 
Broken Hill Mine in northern Rhodesia in 1921. 
Their geologic age is questionable, because the as- 
sociated animals are either now alive or were at the 
coming of white men into that region, and, while 
there is no animal matter remaining in the human 
bones, they have not been in any sense “fossilized”— 
that is, impregnated with mineral matter. The fact 
that they were found at the extreme end of a long 
shaft-like cave makes them possibly yet younger than 
the associated animal remains. Nevertheless, the 
principal skull was found im situ, buried in the bone- 
bearing rock, and photographed after being uncovered 
but before removal, so that its position in the sedi- 
ments is incontestable. There is one very perfect 
skull, which requires no reconstruction, as in the 
Piltdown man; other bones of the skeleton, such as 
that of the thigh, are also present; but no lower 
jaws have been found. The cranium is large, with 
a flattened frontal area and unusually large brow 
ridges. The entire face is primitive, with square 
orbits that resemble those of a gorilla. The palate 
and tooth arch are so large that even the huge 
Heidelberg jaw is smaller. There are two pro- 
gressive features, however, one of which is the 
relatively small size of the third molar or wisdom 
tooth, which, as we have seen, is diminishing in mod- 
ern man. The other is the presence of the disease 
caries, or tooth decay, very rare among savages and 
in England before the Roman conquest. In this 
type, however, it can hardly be the result of civili- 
zation with its artificial diet. The position of the 
foramen magnum, together with the shape of the 
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thigh bone, both point to an erect posture. The in- 
dicated stature was at least six feet. We have not 
as yet before us details of the brain’impression, al- 
though it has been studied. The general opinion is, 
however, that Rhodesian man, whatever may have 
been his age, was a primitive survival. The erect 
stature does not debar him from this, for Pithecan- 
thropus himself shows how very ancient a feature this 
is. As we have seen, it is probable that lack of hand 
skill necessitated a greater use of the jaws for pur- 
poses of general utility, which would, in turn, react 
on the entire face, causing it to retain its primitive 
aspect. Culturally this man possessed nothing ex- 
cept a limestone ball or so, which may have been 
attached to a long thong for use as a lasso, like bolas 
of the South American Indians, or it may have been 
a weapon to use in the fist, as the associated crushed- 
in skull of a lion-like animal implies. It is quite 
within the probabilities that in Pleistocene time there 
were both static and advanced races, as there are 
to-day, and that this African man was a persistently 
primitive type, living out of competition with the 
more advanced Asiatic and European races. In many 
ways Neanderthal man is suggested, and an actual 
relationship may have existed between them. The 
type is in need of further study before its true place 
will be established. 

Cré-Magnon Man.—tThis splendid race belongs 
to our own species, Homo sapiens, and has been 
known to science for a number of years since the 
first discovery, that of the so-called “Red Lady,” 
really a male,’ in the kitchen midden in the cave 


1Sollas, 1911, p. 214, and Osborn, 1916, p. 290. 
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of Paviland, Gower, Wales. A second find was 
made at Aurignac, France, in 1852, this time the re- 
mains of no fewer than seventeen individuals, nearly 
filling a sepulchral cave. They were, however, 
through the mistaken zeal of the mayor of the town, 
reburied in the village cemetery and thus lost to 
science. But sixteen years later, in a grotto at Cr6- 
Magnon, near Les Eyzies on the Vézére, another 
discovery was made by Lartet, this time of five 
individuals—an old man, two young men, a woman, 
and a child—and these, which are now preserved in 
the Jardin des Plantes Museum in Paris, have be- 
come the types of the race. 

In stature Crd-Magnon man is magnificent, six 
feet four and half inches for the “old man,” with 
an average height of six feet one and a half for the 
males. ‘The women are much smaller, but five feet 
five; hence the disparity of size is greater than with 
the average modern European. Splendidly erect, 
long of limb as though concerned in the chase, these 
men represent in many ways the finest type the world 
has ever seen. The skull is very large, relatively 
long and narrow, as are those of all prehistoric men, 
but with broad cheek bones below a finely arched 
forehead, making what has been called a dishar- 
monic face. It lacks the huge, beetling brows of 
Neanderthal and Rhodesian men. The chin is 
strong and prominent, although somewhat pointed. 
The chest and upper portion of the body remind one 
of the negro’s, but the face is more Asiatic and in 
no sense African in type. The arms are relatively 
short, as compared with the long limbs. The cul- 
ture, which is principally Magdalenian, of a very 
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superior order, still lies within the Paleolithic. One 
remarkable cultural development other than the fab- 
rication of implements has been attvibuted to these 
people, and that is the Paleolithic art depicted on the 
walls of certain caverns in the Dordogne region of 
France, in the Basses-Pyrénées, and in northern 
Spain. This consists of-engraved or incised outlines 
of animals, later filled with pigment, some mono- 
chrome and others polychrome, at least four colors, 
black, brown, red, and yellowish shades, being used. 
They took advantage of certain contours in the sur- 
face of the cavern walls to give relief to their fig- 
ures. There was little in the way of composition, 
usually individual figures at random, but the execu- 
tion of these was remarkably fine and showed a 
very high artistic feeling, which reflects at once upon 
the intellectual powers of the race, as the fine arts 
have always been considered criteria of racial ad- 
vancement. In addition to the engraved and painted 
figures, there are two remarkable reliefs of bison 
modeled in clay, with more clay models just re- 
ported, as well as individual statuettes in bone or 
ivory. Almost invariably the objects depicted are 
animals, and generally beneficial or utilizable ones— 
horses, bison, reindeer, oxen, ibex, mammoth, boar, 
infrequently the carnivorous creatures, such as the 
wolf or cave bear, and very rarely men. They either 
did not or could not depict the human features, so 
little light is thrown upon the physical character- 
istics of the race from this source. 

This ancient people, and the artistry which was 
undoubtedly their product, first appear about twenty- 
five thousand years ago. Their duration was not 
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so great as that of the earlier races, notably the Nean- 
derthal, and they soon came to their culmination and 
then dwindled to the point of disappearance, being 
replaced by the Neolithic men, some of whom were, 
in turn, the ancestors of the modern European races. 
Why the Cré-Magnon people died out is one of the 
inexplicable things which we have encountered from 
time to time in our science. It may, as Osborn * 
has said, have been due to change of habits from 
their vigorous nomadic life, or they may have un- 
dergone a definite psychological cycle, as in the case 
of certain historic peoples, notably the Greeks, the 
period of whose great ascendancy, culminating in the 
age of Pericles, covered but one or two hundred 
years. There are living in the Dordogne region 
to-day certain individuals who, while they may not 
show the great stature of the Crd-Magnon males, 
nevertheless betray sufficient of the other charac- 
teristics of the race to imply that they possess a 
certain portion of that ancient blood. It is not in 
Europe, but in Asia that one finds Cré-Magnon char- 
acteristics most perfectly preserved, for the dishar- 
monic, broad face and narrow cranium are so rare 
in Europe that, where they are found, anthropolo- 
gists are wont to believe that the possessors are 
actual remnants of this people which disappeared as 
a race at the end of Paleolithic time. 

Grimaldi Race, Homo sapiens —At Mentone in 
the Grotte des Enfants, wherein was found a very 
splendid individual of the Cré-Magnon mah, there 
were other skeletons, a woman and a boy, people of 
consequence, if one may judge by the ceremonial 
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character of the interment. These are notably dif- 
ferent in the form of the skull and especially in 
the sloping of the teeth displayed. One look at the 
skull betrays its strong negroid character. These 
represent the Grimaldi race, and, because certain of 
the figurines show “posterior curves” very charac- 
teristic of the African bushmen, Professor Sollas?* 
believes that part of this Paleolithic art should be 
considered as emanating from the negroid Grimaldi 
people. The general feeling is, however, that these 
folk are merely temporary invaders from northern 
Africa into Europe and that they never became firmly 
established as rivals, or in any way the equals, of the 
splendid men of Crd-Magnon. 

Fluman Antiquity—We have emphasized our be- 
lief in the immense antiquity of the human family, 
whose actual physical remains extend back through 
half a million years. These are, however, entirely 
either Quaternary or recent, the evidences for Ter- 
tiary man being indirect. His existence may be, of 
course, inferred from the degree of evolutionary 
advancement already attained by Pithecanthropus, 
which implies an antecedent evolution of consider- 
able duration before the condition of the man-ape 
is attained. 

There is other evidence of his advancement, as 
well as of his existence, during Tertiary times, and 
this is cultural. The amazing thing is that it is not 
Folithic culture, according to our definition of it, but 
Paleolithic.” On the east coast of England at Cromer 
and near Foxhall, flints have been found, the Cromer 
giant flints, as they are called, being referred to the 
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beginning of the Pleistocene, while the Foxhall and 
the yet older Red Crag rostro-carinate flints are con- 
sidered as undoubtedly Tertiary. One interesting 
feature of the Foxhall collection was a human jaw- 
bone, supposedly associated with the flints. This has 
been lost sight of after having been brought to this 
country a number of years ago, but the figure of it, 
published by Collier in 1867,° is apparently not that 
of a primitive jaw at all, but of our own species, 
Homo sapiens! ‘This needs verification, of course, 
and with the loss of the specimen, which would prob- 
ably reveal proof both of its antiquity and the spe- 
cific affiliation of its owner, the chance of this seems 
remote. It was either misapprehended, or our own 
race is very old, so old as to upset our calculations 
of the time of human origins decidedly. 

Summary of Recorded Physical Change-—The 
implied physical changes which members of the fam- 
ily Hominide have undergone have already been 
summarized. The actual records do not, of course, 
entirely bear this out, for they do not go back far 
enough. This is particularly true of stature and 
posture. The head, however, does record a number 
of changes, principally in the actual increase in 
cranial capacity, although as far back as Neander- 
thal man its full size had been attained. It also 
records the development of the character of the 
brain, especially in the frontal region, and the per- 
fection of articulate speech. The face has under- 
gone a marked change, principally in the reduction 
in the size of the dental arch, which, in turn, reacts 
decidedly upon the physiognomy, for it means a 
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reduction of the prognathism of both upper and 
lower jaws. The lower jaw particularly has under- 
gone a marked responsive change. Early men, 
those of Heidelberg and Piltdown, had the sloping 
chin of an ape, but it was necessary to retain the di- 
mensions of the jaw itself, especially its lower rim, 
to give room for the origin and play of the tongue 
muscles. With the dental reduction, the upper mar- 
gin retreated, so that, instead of overhanging the 
lower, it actually came to le behind it. Thus the 
latter was apparently produced into the jutting chin 
of Homo sapiens, for the chin prominence, lacking 
in heidelbergensis, is foreshadowed in neanderthal- 
ensis and completed in sapiens. This does not mean 
to imply, however, more than that the first two are 
structurally, not actually, ancestral to the last. 
Human paleontology does not, as yet, give a con- 
tinuity of story comparable to that of the evolution of 
certain Tertiary mammals, such as the horses or cam- 
els. Nevertheless, it shows structural or somatic 
advancement with the lapse of time, in such per- 
fection that predictions of the stage of advance ex- 
pectable at a given time may as readily be made as 
they have been in the lower mammals and with as 
fair a chance of verification when actual discoveries 
shall have been made. While not so convincing, 
when taken alone, as are the paleontological records 
of other races of animals, when taken in connection 
with the evidences of anatomy and ontogeny, which 
have previously been detailedy they afford sufficient 
proof of human evolution to convince any unpreju- 
diced investigator. | 
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Future of Human Evolution.—As Cro6-Magnon 
man of twenty to twenty-five thousand years ago had 
reached a degree of physical perfection as fine as the 
finest of modern.men, there can have been no evo- 
lutionary advancement from that day to this—that 
is, so far as the skeleton, teeth, brain, and musculature 
are concerned. What minor changes the soft parts, 
which in no way react on the skeleton, have under- 
gone, there is no means of knowing. They are, 
however, as a rule, less apt to alter than are the 
mechanical and alimentary portions of the body, for 
changing environment, except possibly as it reacts 
through the ductless glands, influences them less. 
Add to this the essentially old-fashioned character 
of these structures, and the evidences are that the 
above assumption is true. 

Man probably shows increased resistance to cer- 
tain diseases. This simply means the gradually ac- 
quired immunity to the effects of the parasites whose 
presence causes the disease, and to a certain extent, 
perhaps, the power of resisting the entrance of the 
parasites themselves. This is evident from the way 
certain diseases introduced among savage tribes 
through contact with the white race have decimated 
and, in some cases, well nigh extinguished, the 
former. This resistance is due largely to selection 
and a resultant gradually acquired immunity. 

Certain degenerative changes are still being under- 
gone which are not entirely due to our artificial 
mode of life, although in part they may result from 
cessation of selection. The changes which are visi- 
ble are, further loss of hair and of teeth; also a 
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progressive diminution of the digits of the foot, be- 
ginning with the outermost. Even the Greek stat- 
ues show a somewhat diminished size for this digit, 
but the second toe is always longer than the first. In 
modern man a majority, perhaps two-thirds, have 
the second toe the shorter, and in a certain percent- 
age the outermost contains but a single articulation, 
instead of the normal two, due to the fusion of the 
two distal bones. The Greeks certainly idealized 
their statues, and they may have made the second 
toe invariably the longer for esthetic reasons, 
whereas in life it was not. The sense organs are 
also losing their keenness of perception, especially 
those of smell, sight, and hearing, upon which ani- 
mals depend so largely for their safety. The abuse 
of eyes and the prevalence of catarrhal disease are in 
part responsible for the two latter, but cessation of 
selection must also play a part in civilized man. Ar- 
tificial aids to dull senses are too easily acquired to 
render their possessor fatally penalized. Hand skill 
is also diminishing in these days of labor-saving 
machinery. 

Intellectual evolution, no less than physical, has 
slowed down until it has almost stopped, for the 
tremendous advancement of science and discovery, 
which puts such a wide fund of new information at 
the command of every schoolboy, is not to be taken 
as an indication that that boy who assimilates it has 
any better and more perceptive brain than a Greek 
schoolboy of two thousand years ago. The fact that 
we turn to the Greeks for our greatest inspiration in 
sculpture, architecture, and literature shows how far 
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we are from excelling them as a race in mental 
power. 

Our race can be improved, not by the evolution 
of a superman, but merely by bringing the average 
up to the level with the best; and that is what the 
science of eugenics strives to accomplish, not through 
selective breeding of the most fit—that is, as yet, an 
unattainable ideal—but by preventing the abnormal, 
the depraved, the criminalistic, and the physically 
deformed from propagating their kind. 

The extent to which the advance of man’s spir- 
itual side depends upon the betterment of his physical 
manhood is not perhaps clear, but there would be 
less inhibition to the development of a higher spir- 
ituality were the unnecessary burdens of the flesh 
less acute. 

Conklin seems to think that, if either intellectual 
or physical evolution is to go on again, it will be in 
new lines in response to new and very different en- 
vironmental conditions. But man’s adaptation to 
environment is now so very largely extrinsic that he 
already conforms to nearly every imaginable envi- 
ronment, except the deep sea, and conditions in the 
geologic past have been so very comparable to those 
of to-day that it is difficult for the imagination to 
conceive of any spot on earth so radically different 
that man cannot inhabit it, if he would, without ap- 
preciable physical change, other than those shown 
by the various existing races. 


PART III 
CONCEPTS OF BECOMING 


CHAPTER X 
DIRECE OR: POTBNITAL CREATION?= 


Tue great problem of the whence and whither of 
man has been before the minds of thinkers from 
time immemorial. This has, of course, also ex- 
tended to questions concerning animal and plant ori- 
gins and that of the world and of the universe itself. 
These questions, after centuries of thought, are still 
far from their ultimate solution. But it were well, 
nevertheless, to take some account of the various at- 
tempts which have been made to solve these essential 
problems and to weigh the reasonableness and un- 
reasonableness of the results. 

Science, which searches after provable facts and 
does not deal with other than natural agencies, can- 
not concern itself with first causes. It must postulate, 
as a basis for all scientific hypotheses, that matter 
and energy and the laws which govern them already 
exist. Those, who in their philosophies strive to 
explain the ultimate beginning of things, necessa- 
rily invoke the supernatural, with which science can 
have no direct concern. It is not at all surprising, 
therefore, that this whole question, not only of ulti- 
mate causation, but of the fashioning of all nature, 
both inanimate and animate, should become the con- 
cern of those whose thoughts and teachings deal with 


1Qsborn, 18943 Judd, 1911; Lull, 1917, Chap. i; and New- 
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the mystical, and that supernatural agencies should 
be invoked to account for their becoming, and that the 
theologians, or their equivalent among ancient peo- 
ples, should consider themselves equipped to pass 
upon these questions and to enforce their findings 
upon their followers. 

Of the several theories to account for the existence 
of the material universe and its inhabitants the eas- 
iest of acceptance, in a way, in that it gives rise to no 
perplexing problems whatever, is that, as things are 
now, so they always have been. It postulates, in 
cther words, the eternity of present conditions; that 
the universe as it is to-day has always been, with no 
evidence of a beginning and no prospect of an end. 
I do not know who advocated seriously such a belief, 
but if it is based on human observation, with its very 
limited time duration, due to the essential mortality 
of the observer, it is, after all, a very natural one. 
Men come and go and the most enduring work of 
men’s hands will ultimately perish, but, except for 
minor observable changes, such as those wrought by 
earthquake, volcano, the shifting of a river’s course, 
or the change of a coastline due to the might of 
ocean surges, nature seems very stable and the ever- 
lasting hills seem to have fully earned their title of 
endurance. And, aside from man’s influence upon 
domestic animals and plants, organic life seems to us 
as constant as does the physical universe itself. This 
is an awe-inspiring belief, but it would never have 
arisen in the mind of anyone whose vision has been 
rendered in a sense immortal and thus capable of 
piercing the gloomy veil of the geologic past. To 
such an one changelessness is unbelievable, for he 


DIRECT OR POTENTYAL CREATION? 301 


sees the changes time has wrought and he knows that 
this conception of changelessness is based upon the 
error of ignorance, not upon revealed truth. 

All other theories are those which account, not for 
present existence merely, but for the way the inhab- 
itants of this earth, the earth itself, with its sisterhood 
of planets, the sun, and.the hosts of other celestial 
bodies came into being. As we have seen, the mys- 
tical beliefs go back of chaos to ultimate beginnings; 
the scientific, on the other hand, presuppose matter 
already formed. 

Two contrasted, but not, in their final analysis, in- 
consistent, hypotheses have been held; one is the 
Biblical doctrine of special or direct creation, and 
the other the evolution of already created matter. 
They are not diametrically opposed, as they merely 
weigh probable methods whereby the act of creation 
was accomplished and strive to decide as to the rea- 
sonableness of the cne or the other. After all, both 
beliefs are man-made explanations, and hence 
neither can be infallible. We must, therefore, sift 
the weight of evidence and draw our own conclu- 
sions as to which more nearly approximates the 
truth. 

Special Creation—tThis belief is very old, ante- 
dating by far the Hebrew tradition, as set forth in 
Genesis, for almost all peoples have beliefs of the 
supernatural origin of mundane things, and some 
of these earlier stories must lie at the back of the 
Biblical account. 

Professor Clay,’ in a recent book, claims that the 
ultimate sources of such Biblical traditions as the 
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Creation, “Fall, Deluge, and Tower of Babel are 
older than the Babylonian-Assyrian stories and, to- 
gether with the Hebrew tradition, have their com- 
mon origin in the powerful kingdom of Amurru, 
which lay to the north of Palestine. Back of them 
may lie yet older beliefs of a similar character as 
yet untraceable by the Oriental scholar. All stories 
of the Creation invoke the power of some supernat- 
ural creator, be he Marduk or Jehovah; and the 
calling into being of the earth, the great luminaries, 
the firmament of the heavens, the peopling of the 
earth with its plant and animal inhabitants, and the 
coming of man, which are the main outstanding 
events—all are accounted for in a very comparable 
way. It is only because of the influence of Christi- 
anity that the Hebrew story of special creation has 
so wide an acceptance to-day, and not because it is 
any more authoritative than many of the traditions 
of earlier peoples. or it should be considered 
merely as part of the folklore of the Bible, and such 
consideration, as opposed to the belief that it is 
verbally divinely inspired, does not at all invalidate 
the greatest of books, but only renders it the more 
interesting as showing the evolution of the sacred 
writings of a great people. 

Attempts have been made to reconcile the Mosaic 
account with revealed inorganic and organic evolu- 
tion, to show that the former is an abridged, but 
chronologically correct, statement of what historical 
geology teaches. But the sequence of events, as set 
forth in Genesis, is not always understandable, as, 
for instance, the creation of light and darkness 
before that of the great luminaries. It has been 
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argued that the days of Scripture referred to periods 
of geologic time, but to this the strict interpreters 
objected, for after each day’s work js done comes 
the phrase, “and the evening and the morning were 
the first day,” or the second, as the case might be. 
This was taken as evidence that a typical twenty- 
four-hour day was meant. Then, too, there was an 
apparent discrepancy between the two accounts of 
the creation, which is told in some detail in the first 
chapter and briefly summarized in verses 4-7 of the 
second, for apparently the second account showed 
the creation of the earth, the heavens, the planets, 
and man as though it all occurred in a single day. 
Theologians were concerned over the reconciliation 
of these two statements, and finally Saint Thomas 
Aquinas came to the following interpretation: that 
the substance of things was created instantaneously, 
the separation and adorning taking six days more. 
Two outstanding advocates for the strict inter- 
pretation during the sixteenth and seventeenth 
centuries should be mentioned, as their influence 
was so great as to retard the development of the 
evolutionary idea for nearly three hundred years. 
Of these the first was Father Francisco Suarez, a 
Spanish Jesuit priest, who lived from 1548 to 1617. 
His statement, as interpreted by Huxley,’ follows: 


The world was made in six natural days. On the first of 
these days the materia prima was made out of nothing, to receive 
afterwards those ‘‘substantial forms” which molded it into the 
universe of things; on the third day, the ancestors of all living 
plants suddenly came into being, full-grown, perfect, and pos- 
sessed of all the properties which now distinguish them; while, 
on the fifth and sixth days, the ancestors of all existing animals 

1 Huxley, T. H., 1893. 


s 


304 THE WAYS OF (Dl hE 


were similarly caused to exist in their complete and perfect 
state, by the infusion of their appropriate material substantial 
forms into the matter which had already been created. Finally, 
on the sixth day, the anima rationalis—that rational and immor- 
tal substantial forrh which is peculiar to man—was created out 
of nothing, and “breathed into” a mass of matter which, till 
then, was mere dust of the earth, and so man arose. But the 
species man was represented by a solitary male individual, until 
the Creator took out one of his ribs and fashioned it into a 
female. 


So profound was Suarez’s influence upon the 
Roman Catholic thought of Europe that this became 
the only orthodox teaching to the middle of the 
nineteenth century. 

What Suarez did for Catholic Europe John Mil- 
ton did for Protestant England, not by vested eccle- 
siastical authority, but through the great influence 
of his writings on the English people. It is in 
Paradise Lost, especially the sixth book, that Milton’s 
story of the Creation is told with such marvelous 
imagery. 

It is interesting to note how such men of science 
as Carolus Linneus (1707-1778), who contributed 
greatly to our knowledge of animate nature, recon- 
ciled their observations with the special creation idea, 
for Linnzeus was a special creationist, as was also 
the great French naturalist, Cuvier. 

It was Linnzus who gave great impetus to the 
study of systematic zodlogy by devising the method 
of animal and plant nomenclature which has been 
in use from his day, realizing the utter confusion of 
trying to describe animals, for instance, by using the 
colloquial names, which not only differ in different 
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languages as applied to the same form, but in the 
application of the same name to different animals in 
various parts of the world. Thus, the American 
robin was so-called by English settlers in America 
because it had a red breast, but that is about the only 
thing it has in common with its English namesake, 
the original robin. The word hedgehog is in like 
manner applied to the Canada porcupine, which is 
a rodent, whereas the original European hedgehog 
is a much smaller insectivore, their common feature 
being the possession of quills. Linnzus strove to 
eliminate this trouble by giving double names in 
Latin form, although they may be derived from 
the Greek or from proper names, one of which indi- 
cates the species and the other the genus to which 
the form belongs; thus, the English robin is Erytha- 
cus rubecula, and the American Merula migratoria. 
In his Systema Nature, tenth edition, published in 
1758, he enumerates, names, and describes briefly in 
Latin some four thousand animal species. He be- 
lieved that the originally created species were rep- 
resented by his genera and that new post-creation 
forms could arise through the crossing of the original 
ones, the offspring of this union forming new spe- 
cies. He also believed in certain degeneration as a 
result of climate and environment. 

Others held to a literal unchangeableness, basing 
their argument largely on Genesis 1:24: “And God 
said, let the earth bring forth the living creature 
after his kind, cattle and creeping thing, and beast 
of the earth after his kind: and it was so.” Empha- 
sizing the recurrent phrase, “after his kind,’ Mr. 
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Bryan, in a recent address, gave this as conclusive 
proof that there had been no change in animals and 
men since the creation. How he accounted for the 
production of the various forms of domestic animals 
and plants and for the many races of mankind as 
descendants of Adam and Eve he did not say. 

There was another curious outcome of the Biblical 
narrative, based this time upon the story in the third 
chapter of Genesis of the fall of man. Previous to 
this the serpent had had a very different shape and 
only became the legless snake as a miraculous result 
of the divine condemnation: “upon thy belly shalt 
thou go, and dust shalt thou eat all the days of thy 
life.” Again, there were supposed to be no carnivor- 
ous creatures before the Fall, for all things dwelt in 
harmony. It is needless to state that both of these 
beliefs are controverted by the paleontological record. 

Certain phenomena which we now know as fossils 
had been observed repeatedly by ancient and medi- 
zeval men, and many were the ideas to account for 
their being. Such as were found high on the hills 
around the Mediterranean were supposed to be those 
of animals comparable to the ones then alive in the 
sea itself, and to have reached their present position 
as the result of some deluge—with the Greeks that 
occurring during the time of Deucalion and Pyrrha, 
with the Hebrews and Christian Fathers probably 
the Flood of Noah. A specific instance was the find- 
ing of the remains of a gigantic fossil salamander 
in the Miocene rocks at Oeningen, Baden, called by 
its discoverer, J. J. Scheuchzer, Homo diluvii testis, 
a victim of the Noachian deluge, and greeted with 
the following sentiment: 
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“Oh, sad remains of bone. 
Frame of poor man of sin, 
Soften the heart and mind 
Of sinful recent kin.” ¢ 


Again these fossils were looked upon as mineral 
forms which merely resembled animals as a matter 
of accident. There are actually many such things 
found, but the paleontologist can usually tell the 
difference. Fossils were also considered as the result 
of failures of a creative force within the earth, as 
models of creation from which the actual organisms 
could be made, as Satan’s attempts to mar the Cre- 
ator’s handiwork and also as things put in the earth 
by Satan to tempt the unwary away from the straight 
and narrow path of revealed religion. Perhaps the 
only belief, except the first mentioned, which could 
be accepted as really orthodox was that they were 
made and placed for some inscrutable purpose of 
the Almighty and thus conveniently removed from 
human investigation, which, perhaps, was well, as 
they are disquieting things for a special creationist 
to contemplate. 

It was not until the sixteenth century that Leon- 
ardo da Vinci, whom most of us know as an inspired 
painter, but who was also an architect and engineer, 
recognized, among the first, the true significance of 
these relics. He saw them while digging canals in 
northern Italy and during the restoration of the 
Roman amphitheater at Verona, and he explained 
them to his curious workmen. ‘There are splendid 
fossil shells of ammonites, huge molluscs related to 
the living chambered nautilus, yet to be seen im- 
bedded in the stone benches of this amphitheater, and 
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which doubtless are some of the very ones that 
Leonardo saw. 

But the fossils which reacted upon the continued 
acceptance of the special creation doctrine were those 
found in the gypsum quarries of Montmartre, within 
the environs of the city of Paris. These were 
brought to light as a by-product of the commercial 
quarrying of the gypsum, which is the raw material 
from which plaster of Paris is made. They were 
the bones and teeth of various animals, and, as they 
came to light, they were taken to Baron Cuvier, the 
famous naturalist, who was at that time Professor of 
Comparative Anatomy at the Musée d’Histoire Nat- 
urelle. Cuvier was a man of great prestige, a favor- 
ite of the great Napoleon, and a man of deep learn- 
ing, the founder of the sister sciences of comparative 
anatomy and of the paleontology of the vertebrates. 

Because of his position, Cuvier received and stud- 
ied animal specimens from all over the world, and, 
as a consequence, none knew the structure of recent 
vertebrates better than he. He saw at once that the 
bones of animals from Montmartre differed decid- 
edly in many details from those with which he was 
familiar, and he came to the conclusion, after essay- 
ing a number of restorations, that they differed 
markedly from any creatures now alive, at any rate 
in the region of the Paris Basin. He considered them 
more primitive, perhaps, but he failed to appreciate 
any implied relationship between them and their 
successors in time. What he believed was that they 
formerly lived where their bones were found and 
that their destruction was due to some catastrophe 
of a geological character, but comparatively local in 
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its effect, such, for instance, as a subsidence of the 
land and consequent incursion of the sea. This 
would destroy entirely the local fauna. A subse- 
quent land elevation and withdrawal of the sea 
would leave the region once more fit, in the course 
of time, to be the abode of terrestrial animals. 
These he thought came from some undevastated 
place, where they had been living contemporaneously, 
but without previous intermingling, with the more 
primitive forms. Thus an apparent succession of 
faunas would arise. 

As a specific example he took Australia, which is 
inhabited to-day by a curious group of indigenous 
mammals, consisting of the strange reptile-like mono- 
tremes, which are still egg-laying, and the pouched 
mammals or marsupials, such as the kangaroo, the 
opossums, and their allies. These creatures are of 
Mesozoic or very early Tertiary affinities and, with 
very few exceptions, such as the American opossums 
and one other South American form, are entirely 
extinct elsewhere in the globe. He imagined a 
subsidence of Australia beneath the sea, and then, 
when the destruction of the older fauna was com- 
plete and their remains properly buried beneath the 
sediments for preserval, re-elevation of the continent, 
together with land connection with the continent of 
Asia. The natural result would be an incursion of 
the higher or placental mammals, the tiger, leopard, 
buffalo, elephant, primates, and the like, which 
would entirely usurp the place of the indigenous 
Australian creatures. In fact, man, by his inter- 
ference in the destruction of the marsupials and’ the 
introduction. of dogs, sheep, deer and _ rabbits, 
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has already very largely altered the complexion of 
the Australian animal life. It will be seen that 
there would be,no blood relationship between the 
new fauna and the old, nor would it be necessary 
to invoke more than one creation to account for both. 

The catastrophe accounted merely for the destruc- 
tion of the primitive animals, repopulation occurring 
by immigration, and this was Cuvier’s belief and 
was entirely in accordance with the special creation 
doctrine. Further complications arose, however, 
through the discovery of more and more primitive 
animals in the older and older rocks, forming a suc- 
cession of assemblages for which repopulation by 
immigration could not very well account, for geolo- 
gists soon recognized at least twenty-seven such 
faunas in the several divisions of geologic time. 
Alcide d’Orbigny (1802-1857) expounded the the- 
ory of catastrophism anew to suit these discoveries, 
demonstrating, to his own satisfaction at least, re- 
population by a series of re-creations, rather than 
by immigration, thus materially modifying the 
special creation doctrine to render it compatible with 
the geologic revelations. He believed that the first 
creation of life occurred in Silurian time, that there 
was a world-wide catastrophe which annihilated all 
of the Silurian animals, and that a new creation, 
occurring in the Devonian, repopulated the earth 
until these creatures, in turn, were destroyed. Thus 
there were twenty-seven separate creations following 
the successive cataclysms, except that, after the last, 
the Noachian Deluge, repopulation was brought 
about by the survivors in the ark. The last was an 
interesting ship, only as large as the average trans- 
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atlantic liner, yet the length of the voyage was much 
greater, extending over seven months and seventeen 
days. Of the animals there were two of the unclean 
beasts, but seven of the clean. The stocking of the 
vessel with an adequate food supply seems a tre- 
mendous undertaking.. The first edition of the 
Encyclopedia Britannica, published in 1771, tells us, 
however, that 


the number of species of animals will be found much less than 
is generally imagined, not amounting to a hundred species of 
quadrupeds, nor to two hundreds of birds: out of which in this 
case are excepted such animals as can live in the water. 
Zodlogists usually reckon but an hundred and seventy species 
in all: and Bishop Wilkins shows that only seventy-two of the 
quadruped kind needed a place in the ark. . . . It is agreed 
that the lower story was for beasts, the middle for the food, 
and the upper for the birds with Noah and his family, each 
story being subdivided into different apartments, stalls. 


The fact that the last of these catastrophes brought 
in once more the Biblical narrative and made the 
whole idea conformable with the Scriptural story 
gave it the stamp of orthodoxy. We now know 
that the story is by no means so naively simple, espe- 
cially as to the necessary population of the ark, and, 
moreover, it gives a conception of the Creator which 
is out of accord with two of His intrinsic attributes, 
omniscience and omnipotence, for repeated attempts 
to arrive at ultimate perfection, with a destruction of 
the cruder products, savors of experiment on the 
part of what was at first a very inexperienced Creator, 
who could only improve on His handiwork by de- 
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stroying His earlier attempts and trying again and 
again. 

In a sense, however, the Cuvierian interpretation 
seems to possess a measure of truth, for, while we 
have no record in geology of such sudden and violent 
catastrophes as Cuvier postulated, with a total ex- 
tinction of the indigenous forms, there are great 
earth movements recorded, extending over vast 
periods of time, some of which rise to the dignity 
of revolutions and serve as boundary stones separat- 
ing the eras of geologic time. These revolutions 
are so profound in their influence that they react on 
animal life, often through climatic stress, with a 
consequent extinction of many inadaptable races, fol- 
lowed by accelerated evolution of the survivors and 
often by extensive intermigrations as well. Certain 
of these, such as the Laramide Revolution, which ter- 
minated the Mesozoic with a coincident or consequent 
extinction of so much of the magnificent reptilian 
hosts as to leave but the veriest remnant, has much 
the appearance of a Cuvierian cataclysm, especially 
as its duration is foreshortened in the vista of time. 

Over against the catastrophic belief arose the 
teaching of another school, the Uniformitarians, who 
denied all sudden catastrophes in geology and be- 
lieved, on the contrary, that all physical phenomena 
of the past were the effect of the ordinary processes 
of nature, such as we can observe to-day, earthquake, 
volcanic and tidal action, elevation and subsidence of 
the land, and the minor agencies of rains, frosts, 
river and wave action, heat and cold, but largely 
erosion and deposition. Thus they denied all sudden 
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transitions and looked upon the earth as the result 
of gradual change. 

The teaching of the Deora School, while 
applied specifically to the physical aspect of nature, 
nevertheless was in accord with the teaching of those 
naturalists who believed that all animal and plant 
life was in a similar manner the product of gradual 
change from one or a few simple beginnings, and 
that whether or not there was an original creation of 
life, there have certainly been no re-creations since. 
Organic evolution is a necessary corollary of uni- 
formitarianism, but the advocates of the latter, such 
as Sir Charles Lyell, were not always evolutionists. 

This doctrine of evolution is certainly a vastly 
nobler conception than any which has been discussed 
—a potential creation for a bungling experimental 
one, or even that of a single creation of each of the 
various forms of life individually, for, as Clodd* 
says, “Creation by manufacture is a much lower thing 
than creation by evolution. A man can put together 
a machine; but he cannot make a machine develop 
ieee 


Organic Evolution 


We come now to the final hypothesis which has 
been offered to account for the various forms of life, 
and that is Evolution. It has been thus defined: 


Evolution is the gradual development from the simple un- 
organized condition of primal matter’ to the complex structure 
of the physical universe; and in a like manner from the begin- 
ning of organic life on the habitable planet, a gradual unfolding 
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and branching out into all the varied forms of beings which 
constitute the animal and plant kingdoms. ‘The first is called 
Inorganic, the last Organic Evolution.+ 


Evolution refers, therefore, to the gradual un- 
folding process whereby the orderly character of 
nature, with all of its infinitely complex detail, has 
arisen out of chaos. It cannot, however, account for 
the existence either of matter or of the physical 
laws which govern it. These, if they have not 
always existed—and there is no more reason to sup- 
pose they have than to suppose they have not— 
presuppose a first cause which the theistic evolu- 
tionist calls the Creator. Strict materialists claim 
that matter and energy have always existed, that any 
other belief is, to the scientific mind, unthinkable. 
This is based upon the law of the conservation of 
matter and energy which may neither be created nor 
destroyed, but merely changed from one form into 
another. 

The theory of organic evolution has been coupled 
so closely with the name of Charles Darwin that 
many, who are not fully informed, not only think 
that Darwinism is synonymous with evolution, but 
that Darwin originated the idea. That the acceptance 
of the evolution doctrine was aided immeasurably by 
Darwin’s overwhelming mass of facts which no other 
hypothesis can possibly explain, together with his 
very clear exposition of his beliefs, is true; but he 
was not the originator of the idea. He merely, as 
Roosevelt might say, “put it on the map.” The 
central idea of evolution, that of the gradual change 
or betterment, can be found in the writings of the 


1 Lull, 1917, p. 6. ; 
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ancient Greeks, of Empedocles, Anaximander, and 
Aristotle." To what extent they really understood 
what later students have professed to see in their 
writings is not quite clear, but a brief summary of 
their apparent beliefs is of interest. There is, of 
course, always danger of. reading modern meanings 
into these ancient writings based upon the relative 
abundance of our present knowledge as compared 
with the very meager array of facts which the Greeks 
possessed. 

Anaximander, who lived five and a half centuries 
before Christ (611-547 B.c.), can hardly be con- 
sidered as having contributed substantially to the 
establishment of evolution, as his ideas were decid- 
edly mythical, such, for instance, as his derivation 
of men from mermen. Seafaring people, like the 
Greeks, are always more or less given to such fanciful 
ideas, as they are not necessarily keen observers of 
facts, although they may know the vagaries of the 
elements with which their constant warfare is waged 
ever so well. 

Empedocles (495- -435 B.C. ) did not believe in the 
transmutation of species, as we understand it—that 
is, a gradual betterment of a race through successive 
generations—but that improvement of organisms as 
a whole was brought about through the production 
of better forms by nature, the older and less fit being 
eliminated through extinction, and that plants oc- 
curred before animals in the developmental series. 
Empedocles has been called the father of evolution, 
but it was not evolution in the sense of a continuous 
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unfolding in a related line, but merely the replace- 
ment of the old by newer and better. 

Democritus (460-357 B.c.) taught an essentially 
modern idea, which has been made much of by the 
paleontologist Osborn,’ the adaptation of single 
structures, in consequence of which the entire organ- 
ism improves. 

Aristotle (384-322 B.c.) was a remarkable man, 
who observed widely, contemplated deeply, and 
wrote upon all aspects of knowledge, a thing hardly 
possible in our day of extreme specialization. His 
Natural History, which is yet extant, is the first book 
of its sort to have any true scientific value. In it he 
discourses at length upon the habits and appearance 
of a large number of different animals, but it is at 
once understandable that he knew nothing of two 
great divisions of the organic world now familiar 
to us, the micro-organisms and fossil forms. Some 
of the latter were possibly familiar to him, but were 
not appreciated for what they really were. He 
thought so extensively upon problems within the 
scope of our present investigations that evolution 
took an immense step forward, as compared with 
its status as a result of the activities of the earlier 
writers. He can be considered as the creator of 
natural history and as a real contributor to the dis- 
cussion of evolutionary problems, although not nec- 
essarily to their ultimate solution. It must be 
remembered that his general knowledge of biologic 
truths was meager compared with the sum of our 
knowledge to-day, for he gained most of his by 
first-hand endeavor, while ours is the product of 
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composite genius, the combined work of many labor- 
ers in the field. And if certain questions are now 
obscure in the light of our present knowledge, his 
attempts at the solution of those problems was a 
veritable groping in the dark. It is rather amazing 
that he came so near the truth and that his con- 
tributions had so very real a value. 

Aristotle’s principal ideas have been summarized 
by Newman‘ so very clearly that an excerpt from 
that author may not be out of place. 


1. He had a clear idea of the laws of Nature (‘‘Necessity’’), 
and attributed all evolutionary changes to natural causes. 

2. He opposed the idea of Empedocles as to the fortuitous 
origin of adaptive characters, and favored the idea of intelligent 
design in nature. He was therefore a teleologist. 

3. Hence he rejected the hypothesis of the survival of the 
fittest, because it was based on chance. 

4. He “had substantially the modern conception of the Evo- 
lution of life, from a primordial soft mass of living matter.” 

5. He had an idea of a linear phylogenetic series, beginning 
with plants, then plant- [like] animals, such as sponges and sea 
anemones, then animals with sensibility [and hence locomotion] 
and thence by graded stages up to Man. 

6. He perceived the unity of type in certain classes of ani- 
mals, and considered rudimentary [vestigial] organs as tokens 
whereby Nature sustains this unity. 

7. He anticipated Harvey’s doctrine of Epigenesis in em- 
bryonic development. 

8. He fully perceived the forces of hereditary transmission, 
of the prepotency of one parent or stock, and of Atavism and 
Reversion. 

9. He is the father of that ancient fallacy called “pre- 
natal influences,” and believed in the inheritance of acquired 
characters. 


Of these the points mainly to i emphasized are 
the idea of an internal perfecting principle, the out: 
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come of his conception of intelligent design or 
teleology, which makes for betterment within the 
animal. Certain of those who believe in ortho- 
genetic evolution to- day invoke an impelling cause 
quite comparable to this. His rejection of chance 
as a factor is also of interest, as well as the idea of 
continuity of nature and the position of man in the 
scale and not as a thing apart, and his conception of 
unity of type. 

The decline of the evolutionary concept after the 
time of Aristotle was due, in part, to the relatively 
inferior powers of his successors until the coming 
of the ecclesiastical authorities, the influence of whom 
was distinctly repressive. 

There were, however, occasional men among the 
Christian Fathers whose breadth of vision was such 
that they seemed to see much more than did their 
contemporaries. Such men saved the evolutionary 
idea from utter eclipse. Three of the most noted 
of these ecclesiastics were Saint Gregory of Nyssa, 
Augustine, Bishop of Hippo, and Thomas Aquinas. 

Saint Gregory’s (332-395?) teaching was an 
appealing one of potential, rather than direct, crea- 
tion, the divine giving to matter its basic properties 
and the laws which govern it, so that out of a primi- 
tive chaotic condition all of the orderly universe, 
with its contents, has arisen. 

Saint Augustine (353-430) interpreted the Mosaic 
account of the creation, as do most enlightened theo- 
logians to-day, as an allegory. This did not, how- 
ever, prevent him from offering certain interpreta- 
tion, as, for instance, “In the beginning God created 
the heaven and the earth.” This, Augustine thought, 
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referred to “the seed of heaven and earth, although 
as yet all matter of heaven and earth was in con- 
fusion, but because it was certain that from this the 
heaven and the earth would be, therefore the 
material itself is called by that name.” 

Saint Thomas Aquinas (1225-1274) was content, 
for the most part, with expounding the teaching 
of Augustine. He differed from the latter, how- 
ever, in his ideas concerning the production of 
plants, which he did not believe were actually pro- 
duced on the third day, but that the world then 
received the power to produce them, for he says, 
“In those first days . . . God made creation pri- 
marily or causaliter, and then rested from His work.” 

The Church, while condemning the teaching of 
natural history as a relic of heathenism, nevertheless 
felt obliged to satisfy the demand for such informa- 
tion. This was done in such a way as to remove any 
danger of contamination of the minds of the people. 
Hence there were prepared for general consumption 
curious books, called bestiaries or physiologies, some 
of which were written by a reputed ancestor of my 
house, Raimond Lull (1235-1315), a thirteenth- 
century Spanish philosopher, noted as the first Chris- 
tian missionary to the Moslems and one who died a 
martyr to the cause of Christ. These bestiaries were 
largely collections of fables, designed, for the most 
part, to point a moral, rather than to give adequate 
information concerning organic life and its mysteries. 

With the coming of the eighteenth century there 
appeared the first of a number of brilliant men, 
philosophers,’ such as Bacon, Descartes, Leibnitz, 
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Kant, and others, and naturalists, like Linnzus, 
Buffon, the elder Darwin, St. Hilaire, and Lamarck, 
all of whom, directly or indirectly, did much to 
advance the acceptance of a true conception of nature. 
Dismissing the philosophers, let us turn our atten- 
tion to the naturalists, of whom two, Linnzus and 
Buffon, entered upon their earthly life the same 
year. 

Carolus Linnzus (1707-1778) was a Swede, whose 
influence upon evolution was, to a certain extent, 
reactionary, as he was a special creationist throughout 
his career, although believing, as we have seen, in 
certain post-creation modifications of the original 
forms through hybridizing or crossing with other 
species and the degenerative action of climate. It 
was in the former way that he accounted for the 
mule and the leopard. His real constructive con- 
tribution consisted in stimulating systematic zodlogy, 
of which he was virtually the founder and which has 
already been discussed. 

Georges Louis Leclerc Buffon (1707-1788) is the 
first of the modern evolutionists, although it is often 
difficult to assure oneself from his writing that he 
actually was a believer in evolution and not a special 
creationist. His apparent vacillation may be due 
to a lack of clarity of thought or expression, but it 
seems much more likely that the times in which he 
lived, when the theologians still had the power of 
persecuting men’s bodies for the purging of their 
immortal souls, had much to do with his apparent 
indecision. It is said that he was forced by the 
Sorbonne or Faculty of Theology to recant his heretic 
statements under threat of actual bodily harm in 
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1751. Buffon’s work suffered to a certain extent 
in that he did no actual research of an original 
character himself, and such an one is Often less sure 
of his ground than if he sought nature’s secrets at 
first hand. 

He observed the influence of human intervention 
in the production of the various races of domestic 
animals and rightly argued that similar results might 
readily arise in nature through the influence of geo- 
graphical migration and isolation. 

His principal ideas are on the struggle for exist- 
ence, which he clearly saw resulted in the elimination 
of those species whose adaptation to environment 
was least perfect. He also realized the competition 
between species, due to their rate of procreation, and 
thus in a measure anticipated the principle of 
Malthus. Buffon realized the effect of negative 
environmental influence in advancing evolution 
through the elimination or reduction of the imper- 
fectly adapted forms. He also believed that its 
influence could be positive as well. His great factor 
is the direct influence of the environment in bringing 
about new modifications in both animals and plants, 
especially the threefold influence of climate, food, 
and capillarity in effecting change. Buffon, how- 
ever, discussed neither heredity nor the inheritance 
of acquired characters, but, as he seems to be dealing 
largely with extrinsically originating variations, he 
implies his belief in such a possibility. In his day 
such a belief was perfectly natural. It was not until 
Weismann’s promulgation of his law that anyone 
doubted it. Buffon, however, does not follow his 
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theories out to their ultimate detailed conclusions 
(Osborn). As Osborn says, Buffon failed to reach 
the phyletic or branching idea of evolution, for, as 
he expressly states, the relations of species furnish 
a problem beyond our reach. 

Erasmus Darwin (1731-1802).—Charles Darwin 
has been spoken of as a product of a fine hereditary 
strain which produced not one, as is often the case, 
but a number of eminent men, covering four genera- 
tions. Erasmus Darwin was the grandfather of 
Charles and, therefore, the first of these, for his son, 
Charles’ father, was an eminent physician, while 
Charles’ four sons all stand high in British science. 

Erasmus was also a physician, but he was a natu- 
ralist and a writer as well. Much of his thought 
concerning evolution is rather obscurely placed, for 
one must either wade through a large medico-phil- 
osophical work, the Zodmomia, published in 1794, 
or search two or three long didactic poems, The 
Botanic Garden, The Loves of the Plants, and espe- 
cially The Temple of Nature (1802). He has been 
spoken of as a minor poet, but it is somewhat doubt- 
ful whether he had even attained his minority as a 
writer of verse. It is certainly unfortunate that he 
should by these modes of presentation so effectually 
have hidden his results. Even the great Charles 
seems to have little appreciation or respect for what 
he called “the thoroughly worthless speculations of 
my grandfather.” , 

Erasmus Darwin believed in the spontaneous 
origin of living matter from the lifeless, the transi- 
tion of aquatic forms, through the amphibious, to 
the truly terrestrial, and the assumption by mankind 
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of the erect posture from the ancient quadrupedal 
one. He agrees with Buffon that man is not yet 
fully adapted to his new position. Hé expresses the 
belief that man may have arisen from a single 
family of monkeys, the hand of which has become 
more perfect through the accidental adaptation of 
the thumb muscle used in opposing it to the other 
digits. Further perfection arose through repeated 
use during successive generations. This Darwin 
shows to be Buffon’s belief in the survival of an 
accidental variation in a single muscle and emphasizes 
its great value in human evolution.*. Darwin realizes 
also the struggle for existence, not only between 
animals and the plants they destroy for food, but 
between the plants themselves for light, air, and 
moisture. He argues that this struggle prevents 
overpopulation by any one form and hence is, in 
the end, of benefit, but he seemingly does not see 
the connection between this and the survival of the 
fittest. There is no question, however, as to Doctor 
Darwin’s belief in evolution, although the factors 
whereby he sought to account for it are not, of course, 
in accordance with our present conception. His 
principal factor differed markedly from that of 
Buffon, for he believed that the influence of the 
environment upon the organism was indirect. The 
reaction on the part of the organism induced by the 
environment is what gives rise to the modifications, 
not the direct influence, as in Buffon’s teaching. This 
factor, as it was applied by Darwin to both animals 
and plants, postulated sensitivity’ on the part of the 
latter, otherwise such a reaction could not arise. 
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Thus he anticipated the teaching of Lamarck, but 
he went further than the latter in his conception of 
plant evolution. Erasmus Darwin did not believe 
that adaptive changes were directly created, but that 
the Creator did endow the organism with powers 
which made gradual change possible. 

Two great modern conceptions are attributed to 
Erasmus Darwin, the derivation of all forms of life 
from a single filament, or, as we would express it, 
from a single mass of protoplasm, and his conception 
of the immensity of time required for the evolution 
of life. His idea was clearly that of a potential 
Creator, his conception of these ideas being em- 
bodied in the following: 

From thus meditating upon the minute portion of time in 
which many of the above changes have been produced, would 
it be too bold to imagine, in the great length of time since the 
earth began to exist, perhaps millions of ages before the com- 
mencement of the history of mankind, that all warm-blooded 
animals have arisen from one living filament, which the first 
great Cause imbued with animality, with the power of acquir- 
ing new parts, attended with new propensities, directed by 
irritations, sensations, volitions, and associations, and thus pos- 
sessing the faculty of continuing to improve by its own inherent 
activity, and of delivering down these improvements by genera- 
tion to posterity, world without end?? 

Doctor Darwin is broad in the scope of his inves- 
tigations, for his writings cover the sciences of embry- 
ology, comparative anatomy, artificial selection, and 
environment. That he believed in the transmission 
of acquired modifications is evident from the fol- 
lowing: 

All animals undergo transformations which are in part pro- 
duced by their own exertions, in response to pleasures and pains, 

1 From Osborn, 1894, p. 146. 
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and many of these acquired forins or propensities are transmitted 
to their posterity.? 


¢ 

Jean Baptiste, Chevalier de Lamarck (1744- 
1829 ).—Lamarck is one of the most interesting and 
at the same time pathetic figures in the development 
of biologic science. His early career was that of a 
soldier, and for a very conspicuous act of bravery 
he was made Chevalier de la France. He was 
physically incapacitated for further military activity, 
and his career as a man of war ended in 1760. 
Turning to the realm of nature, he became a botanist 
and served as such until his appointment as zodlogist 
in the Jardin des Plantes, Paris, in 1792. Here he © 
had especial care of the invertebrates, while his 
great rival, Cuvier, was in charge of the backboned 
animals. Owing to the difficulty of Lamarck’s work 
and the constant strain to which his eyes were sub- 
jected, he became blind, and for the last seventeen 
years was one who walked in darkness, yet saw with 
a clearer mental vision than did Cuvier, with all of 
his brilliant powers. It shows the remarkable adap- 
tiveness of the man that at the age of nearly fifty 
years he was able to strike out in what was virtually 
a new profession and make himself great in it. 

Lamarck’s evolutionary belief and teaching are 
so comparable to those of Erasmus Darwin, espe- 
cially in the manner of their setting forth both in 
language and in illustrations, that some have claimed 
that much which Lamarck wrote in his Theory of 
the Mutability of Species, published in 1801, was 
directly derived trom Darwin’s Zodnomia of 1794. 
We have, however, both the evidence of Geoffroy 

1Tbid, p. 145. 4 ? 
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St. Hilaire and Lamarck himself to the contrary, 
and a very warm upholder of the Frenchman, Pro- 
fessor Packard,* denies most emphatically any taint 
of plagiarism. Lamarck’s views changed decidedly 
after the publication of the Zoduomia, but so did 
his profession, and most of the generalizations set 
forth in his T’Aeory are based upon animals, not upon 
plants. 

Lamarck was a bitter opponent of Cuvier’s doc- 
trine of catastrophism, for he believed, with the 
Uniformitarian School, in the gradual character of 
earth changes during geologic time. He got very 
much the worse of the argument, largely because 
Cuvier used the double-edged weapon of ridicule. 
The latter’s high estate and great influence, com- 
pared with the obscurity of Lamarck, added weight 
to Cuvier’s side of the argument, so that it is said 
that during Lamarck’s lifetime he had but a single 
follower in the whole of France. Later a school 
of American men of science, largely pathologists 
and paleontologists, arose. They were so largely 
the followers of Lamarck’s teaching that the name 
Neo-Lamarckian has been given to them. At pres- 
ent, however, owing to Weismann’s disquieting 
theory of heredity, which denies the possibility of 
the inheritance of acquired modifications, this school 
has few, if any, followers. Lamarck’s teaching had 
largely been forestalled by both Buffon and Erasmus 
Darwin, for he believed with the former in the 
direct influence of the environment upon plants, but 
that in animals the results were indirectly obtained 
through the environment giving tise to a new need 
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or want which stimulated a desire on the part of 
the creature which must be met. ¢The creature’s 
efforts toward the fulfillment of this desire led to 
the development of the adaptive modification. In 
this his belief coincided with that of Doctor Darwin. 

Lamarck’s so-called “laws” of evolution speak 
of the increase of size of both the body as a whole 
and of the separate parts, as a result of life; that 
neW organs arise in response to new needs and are 
the result of the new movements which these needs 
inspire; that the development of organs and their 
consequent powers are in direct relation to their em- 
ployment; and finally, and here lies the crux of the 
whole teaching of Lamarck, that every modification 
thus arising in the course of the lifetime of the 
organism is preserved by generation and transmitted 
to progeny. His principal factors may be thus sum- 
marized: direct action of favorable circumstances in 
plants, indirect in animals and man, changes of 
habits and of consequent function, may originate or 
modify organs; use or disuse will increase or decrease 
an organ, as the case may be. Competition, cross- 
breeding, and isolation are other important factors, 
and finally the necessary enabling factor is the inher- 
itance of acquired characters. 

Lamarck, as we have seen, was extremely slow of 
recognition, due to the adverse influence of Cuvier 
and even of Charles Darwin, who spoke slightingly 
of him as of no other, although later in his life he 
came to accept much of Lamarckism. Other later 
followers were Herbert Spencer, Haeckel, and the 
large group of English and American workers, the 
Neo-Lamarckian School, of which we have spoken, 
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headed by the paleontologist Cope. Lamarck’s posi- 
tion in science is not yet assured, however, partly due 
to the fact of his speculations outrunning his observa- 
tions, and to the absurd illustrations which he often 
used. As Osborn says, his really sound speculation 
in zodlogy was also injured by his earlier thoroughly 
worthless speculation in chemistry and other branches 
of science. Osborn believes, none the less, that 
Lamarck must be placed in the first rank, “fas he was 
the first naturalist to become profoundly convinced 
of the great law [of evolution] and to place it in 
the form of a system.”* It is unfortunate for him, 
however, that he considered the factor of the inher- 
itance of acquired characters as all-important and 
adequate to explain whatever phenomena, for, as he 
left it, his teaching stands or falls with the accept- 
ance or rejection of what appears at this time to be 
a highly doubtful premise, but which he accepted 
as true and never tried to demonstrate. 

One notable contribution was Lamarck’s use, for 
the first time, of a family tree to express his con- 
ception of animal relationships. It is interesting to 
note, however, that prior to 1809 he arranged the 
successive groups in linear series, like a fir tree, with 
a single central trunk and radiating branches. Later, 
in 1809, his conception was that of a branching tree 
arising from the roots in larger and smaller stems, 
with terminal branches. These were the first phy- 
letic trees, of which so large a number has been con- 
structed by his naturalist successors, notably Haeckel. 

Geoffroy St.-Hilaire (1772-1844).—A notable 
contribution of Geoffroy St.-Hilaire was to offset 
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the influence of the special creationist and catastro- 
phist, Cuvier, who, through his great position and 
really remarkable standing as a scientist, was doing 
a great deal to retard the development of the evo- 
lution idea, not only through the urging of his own 
doctrine, but through his adverse criticism and ridi- 
cule of Lamarck. St.-Hilaire held the chair of 
vertebrate zodlogy at the Jardin des Plantes and, as 
such, was a colleague of the unfortunate Lamarck. 
St.-Hilaire did not, however, adopt Lamarckism, but 
was rather a follower of Buffon’s teaching of direct 
environmental influence in bringing about the modi- 
fications of animals. His other most important factor 
was, in a sense, anticipatory of the teaching of De 
Vries, who held that new forms arise by sudden and 
large transmutations occurring in a single generation. 
These, St.-Hilaire thought, were due to profound 
changes induced by external conditions, but occurring 
in the egg, rather than later in life. He looked upon 
these changes as “accidents regulated by law.” A 
long and bitter controversy raged between St.-Hilaire 
and Cuvier, which the former lost, and with his 
defeat the growth of the evolutionary idea ceased 
until its reawakening under the influence of Charles 
Darwin. 

Charles Darwin (1809-1882).—This great name 
stands so high in the annals of our science as to be- 
come synonymous with evolution itself, at least in 
the popular mind. To the scientist, however, Dar- 
winism does not mean evolution, but refers rather 
to certain causal factors largely advocated by Dar- 
win, just as Lamarckism is not evolution, but refers 
rather to the, doctrines advanced by Lamarck. 
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Darwin’s mind was molded for his work by several 
influences, none of which, perhaps, was the direct 
outcome of his collegiate career, for neither his year 
at Edinburgh nor the following course at Cambridge 
had anything to do with his scientific labors. At 
the former place he matriculated for medicine, but 
the sights and sounds of the dissecting room and 
operating theater were so very distasteful to him 
that he was forced to give up in despair. He then 
turned his attention to the church and entered 
Christ’s College, Cambridge, with the avowed inten- 
tion of entering upon a career as a country clergyman. 
In view of the utter condemnation which Darwin 
has often received from the cloth and from the re- 
ligious-minded laity, it seems strange that he should 
have contemplated such a life work. But there was 
nothing in his belief to stand in the way of its ful- 
fillment, at least at that time. He was, however, 
vastly more concerned with the avocation of a field 
naturalist, with the capture of beetles and such, than 
with the pursuit of the intricacies of theology. But 
many clergymen have become naturalists of no little 
note, such as White, who wrote the Natural History 
of Selborne, and J. G. Wood, who did much, both 
directly and indirectly, to stimulate my own interest 
in nature. It was due to Darwin’s opportunity to 
go in H. M. S. Beagle as naturalist aid to Captain 
FitzRoy that his final choice of career was made, 
for long before his return he had definitely decided 
to abandon the ministry for the pursuit of science. 
The voyage lengthened out far beyond the originally 
proposed time, so that five years had elapsed before 
Darwin arrived in England again. His journal of 
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the cruise of the Beagle (A Naturalists Voyage 
Around the World’) is a most delightfully written 
narrative of travel and observation. The voyage was 
to have a profound influence upon Darwin’s future 
career in more than one way. He suffered grievously 
from seasickness, which is hardly to be wondered 
at when one remembers the size of the little vessel, 
235 tons to Leviathan’s 62,000, and the vastness of 
the oceans into which she penetrated. The after 
result was to render Darwin a life-long invalid and 
to necessitate his retirement, after but a brief two 
years of active life in London, to the small town 
of Down in Kent, England, where, despite his phys- 
ical limitations, a tremendous volume of work was 
produced. 

The other effect of the voyage was to give oppor- 
tunity for abundant observation of animals and other 
natural and physical phenomena, which, to a mind 
like Darwin’s, was stimulating in the highest degree. 
Among the facts which he observed and which 
were suggestive of his future line of research, was 
the discovery near the Parana River, in the pampean 
deposits of Pleistocene age, of the remains of masto- 
dons and other fossil forms. He was especially inter- 
ested in the presence of the teeth of fossil horses and 
in the implied occurrence in both South and North 
America, before the coming of the Spaniards. Later, 
as they passed through the equatorial seas off the 
coast of Ecuador, they came to the Galapagos group 
of islands. Here Darwin’s interest lay in the exist- 
ing life, especially the tortoises, for which the islands 
were named, and the finches and other birds. There 
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are some ten of the islands altogether, lying about 
six hundred miles off the coast, and several of them 
have species peculiar to themselves. Of about thirty 
species of indigenous land birds there is apparently 
but one, or possibly two, which is specifically identical 
with birds found outside of the group. It seems, 
therefore, that the bird fauna is sufficiently old to 
have diverged markedly from that on the mainland 
and, moreover, that the isolation of the several 
birds on the individual islands is of sufficiently long 
standing to have influenced the production of varie- 
ties or species peculiar to each. At the same time, 
while the Galapagos are a group of volcanic islands, 
migration both from the mainland and between the 
individual islands must have been much easier in 
the past than now, and the ancestors of both birds 
and reptiles undoubtedly came largely, if not en- 
tirely, from the South American continent. The 
influence of physical isolation in the production of 
divergent varieties and species from a common an- 
cestor is thus emphasized. The significance of this 
interested Darwin greatly and was one of the factors 
which determined the line of thought which ulti- 
mately led to the exposition of his theories. 

These and other observations so impressed Darwin 
that he not only had abundant material for research 
along such lines, for instance, as produced his great 
work on the Cirripedia, or barnacles, but also was 
led to begin the accumulation of further facts bear- 
ing on the rate of increase and its resultant over- 
population, the survival of the fit as a result of the 
consequent competition and struggle for existence, 
the influence of isolation in keeping strains pure 
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after their establishment through variation, and the 
handing down to progeny of the chafacteristics that 
make for fitness. 

Shortly after his return, in 1837, he began a 
notebook for the accumulation of facts bearing upon 
variation. In addition to-his own observation, he was 
particularly concerned in the variation of animals 
and plants under domestication, details of which he 
received from plant and animal breeders, both by 
actual contact and through extensive correspondence. 

One of the things that stimulated his thought most 
was his reading of an essay on population by Mal- 
thus, in which the author sets forth the famous 
Malthusian doctrine that the slowest breeding organ- 
isms increase in geometric ratio, whereas space and 
the food supply remain comparatively constant. 
Were there no check on productivity, therefore, the 
progeny of a single pair would, in a greater or less 
space of time, overpopulate the earth. Another very 
helpful work was Charles Lyell’s Principles of Geol- 
ogy, Wherein he rehabilitated uniformitarianism, 
which, as we have seen, carries with it as a necessary 
corollary both inorganic and organic evolution, al- 
though, I believe, Lyell himself was not an evo- 
lutionist. 

With characteristic caution, Darwin would not 
permit himself to put his views on paper even, until 
1842, and two years later he wrote out the main 
arguments of his thesis in greater detail. Leonard 
Huxley tells us of a letter written-by Charles Darwin 
to his wife in which he requested that a certain sum, 
four to five hundred pounds, should be expended 
for the publication of this statement in case of his 
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premature death. The main themes developed in 
this paper were variation, the struggle for existence, 
and the natural selection of those variations which 
conform with the environmental need. These fac- 
tors were all later developed in much greater detail 
in the Origin of Species (1859). In 1856 Darwin 
sent his manuscript to the famous English botanist, 
Sir Joseph Hooker (1817-1911), whose advice he 
sought later when concerned as to the proper course 
to pursue, in view of his experience with Wallace. 
For it seems that Alfred Russel Wallace (1822- 
1913), a young naturalist of great promise, was at 
that time making, as so many of the old-school 
scientists did in the initial stages of their life work, 
a world-wide trip of exploration and field research, 
than which there is no better preparation for an 
active career. Wallace was at that time lying ill at 
Sarawak, and to pass his hours profitably read the 
very documents which years before had inspired 
Darwin, Lyell’s Principles of Geology and Malthus 
On Population, and the reaction was the same, for 
the idea of natural selection came to him in a flash. 
Wallace did not wait, as did Darwin, for the accu- 
mulation of fact and maturity of thought, but im- 
mediately wrote out and dispatched to Darwin 
himself a paper, “On the Tendency of Varieties to 
Depart Indefinitely from the Original Type.” Of 
it Darwin, in his amazement, wrote to Lyell, to 
whom he turned for advice in one of the most per- 
plexing crises of his life: 


I never saw a more ‘striking coincidence; if Wallace 
had my manuscript sketch, written in 1842, he could not have 
made a better short abstract! Even his terms now stand at the 
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head of my chapters. Please return to me the manuscript 
which he does not say he wishes to publish, but I shall, of 
course, at once write and offer to send it t@ any journal. So 
all my originality, whatever it may amount to, will be smashed, 
though my book, if it ever have any value, will not be de- 
teriorated, as all the labor consists in the application of the 
theory. 


Upon Lyell’s insistence (and that of Sir Joseph 
Hooker), Darwin read before the Linnzan Society 
of London the joint contribution of the two. It was 
a splendid act of chivalry for him thus to bring 
forth the work of the younger man, but it did not 
in any way lessen Darwin’s credit as the true dis- 
coverer and demonstrator of this important factor. 

A relatively short time served to put the manu- 
script of the Origin of Species in shape for publica- 
tion in 1859. In this the arguments were set forth 
in so lucid and authoritative a way, backed by so 
vast an array of facts, that they were practically 
irresistible for such as had eyes to see, ears to hear, 
a mind to comprehend, and, above all, a willingness 
to weigh judicially the evidence. Darwin’s later life 
was highly productive, book after book appearing 
from his pen, in spite of the usual handicap that 
genius almost always possesses, in some form or 
other, in this instance the semi-invalidism induced by 
his memorable voyage. Of these works the two 
which bore most directly upon his theme were the 
Descent of Man and the two-volume work on Ayj- 
mals and Plants Under Domestication. 

Darwin’s beliefs met with the most violent oppo- 
sition, as one would naturally anticipate, mainly at 
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first from ecclesiastical authority. It was hardly 
to be expected that Darwin himself would or could 
champion his own cause in verbal argument; his ill 
health, together with his gentleness of spirit, made 
it impossible. There arose, however, a doughty man- 
at-arms, Huxley, whose weapons were those of a 
brilliant wielder of words, spoken and written, and 
who fought so good a fight that peace was declared 
between the two camps a half century ago. While 
Darwin was thus championed by his scientific col- 
leagues at first, later there arose doubts in the minds 
of scientific workers, not as to the truth or falsity 
of the law of evolution itself—that is never doubted 
by the imformed scientist—but as to whether the 
several Darwinian factors are as potent and as all- 
sufficient as he supposed. This latter is a matter 
of growing doubt. 

Our knowledge of the influence of the ductless 
glands upon the secondary sex characters makes the 
factor of sexual selection not only less necessary, but 
completes the growing distrust of it as a potent ele- 
ment in evolution. To a far less extent natural 
selection itself has also been found wanting, for, as 
one has said, “Natural selection might explain the 
survival of the fittest, but fails to account for the 
arrival of the fittest.” Beginnings, overspecializa- 
tion, if such a thing really exists, and degenerative 
evolution, natural selection apparently cannot influ- 
ence, except in the last instance through the elimina- 
tion of an organ which changed conditions have 
made detrimental. 

Thus the work of Darwin completed, in a sense, 
the historical growth of our science. Since Darwin’s 
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day the law of evolution has come more and more 
into general acceptance by thinking people, so that 
now either it is considered as the only logical way 
whereby the act of creation can be interpreted and 
understood, or one may reject the entire evidence 
of his senses and cling to a belief in the child-like 
story of First and Second Genesis, as the Fundamen- 
talists would have us do. Of the modus operandi 
of evolution we are by no means so certain, but we 
may rest assured that it has been in accordance with 
great natural laws, some of which are as yet 
unknown, perhaps unknowable. 

Post-Darwinian evolution has, however, advanced 
tremendously, both as to method, principally through 
the labors of the experimental biologists and geneti- 
cists, and as to evidences which have received ex- 
tensive augmentation, largely through the discoveries 
of paleontologists, whose explorations are extending 
annually farther and farther afield. There is, there- 
fore, a growing body of facts, already so large that 
no one man may hope to be able to sift for himself 
all of the various lines of evidence, but must rely 
on his colleagues, in part, at any rate, for his results. 

A number of fruitful lines of research are yet 
open which will aid very largely, when their results 
are known, in clarifying some obscure problems, such 
as the causes of congenital variations, the inheritance 
of acquired characters, the influence on evolutionary 
change of the ductless glands and their reaction to 
environment; also whether orthogenetic variations 
actually exist, and, if so, what is the underlying law 
of their control. ’ 

There is great need of further paleontologica 
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research: field work in the remoter regions of the 
globe, such as the Mongolian region now being 
explored by the expeditions of the American Museum 
of Natural History, and the detailed study and in- 
terpretation of results. Especially is this of value 
when it touches the border lines between the great 
vertebrate classes, for we have much to learn con- 
cerning the notable transformations of fishes into 
amphibians, reptiles into mammals, and the brute 
ancestors into man. That there will always be “miss- 
ing links” in the chain which represents the con- 
tinuity of life is evident, but that the breaks will 
be fewer and their span shorter with the ensuing 
years of discovery is entirely to be expected. 
Further fossil evidence for the evolution of man is, 
perhaps, the most important of the desiderata. 


Summary 


When one weighs dispassionately the great host 
of facts which science has presented, he sees at once 
the utter inadequacy of the older explanations of the 
coming of species. Direct creation is but a bit of 
ancient folklore, whose origin antedates the concep- 
tion of modern religions and has its roots in the 
stories told by long-forgotten sages to dimly remem- 
bered peoples. Its meagerness is at once attested by 
that of the historical record as given in the Old Tes- 
tament, in which but ten generations are mentioned 
up to the time of the flood, about 2348 z.c., and this 
covers a period of 1,656 years, according to orthodox 
chronology. It is not at all surprising that these old 
patriarchs have such records for longevity! Baby- 
lonian texts give thousands of names of antediluvian 
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people. When one considers that these stories must 
have been handed down by word of anouth for gen- 
erations before they were actually committed to writ- 
ing, the wonder is, not that they are meager, but 
that they are so complete. 

Are we not justified, therefore, in reading into the 
Genesis account of creation a more detailed narra- 
tive than is actually recorded, with, perhaps, a some- 
what different sequence of events, and covering an 
immensely longer period of time? Nor is the catas- 
trophism theory, with its repeopling by immigration 
or successive re-creations any more satisfying, even 
though the latter does seem to afford a compromise 
between the Biblical story and the fossil record. 
A compromise is never satisfactory, and this is espe- 
cially true in the present instance, for there are 
carryings over of genera from one geological era 
to the next, although one is often face to face with 
such inexplicable and widespread extinctions that 
nothing short of catastrophism seems able to account 
for them, notably that of the reptiles at the close of 
the Mesozoic. But if there were a catastrophe, it 
dealt exceedingly gently with plant life and dis- 
criminated entirely against the reptiles. 

The doctrine of continuity and of gradual change 
alone remains, and no other is conceivable that can 
be so well reconciled with the phenomena of the 
present and the records of the past—inorganic evo- 
lution for the cosmos, the universe, and our mun- 
dane sphere, with its sisterhood of planets and their 
paternal sun, and organic for the countless hosts of 
living beings which have marched as a changing army 
down the dim vistas of geologic time. 
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This does not postulate first causation. Specula- 
tion, not science, alone may do that; and here, if our 
conceptions must conform to our religious beliefs, 
there is opportunity for the invocation of a Creative 
Deity, of a power which utterly transcends the ancient 
Hebrew conception of Jehovah, one who caused the 
causes of effects, rather than, by word of mouth or 
the work of His hands, directly produced the effects 
themselves. 
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